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Ar'P. I. — The Chemical (hmiposition of Meat-extract, 

By A. M. Wuronr, F.O.S. 

{Head befote the Philo^ophi(a1 [nhtiUite of Canterbuttf, 2nd November, 1910.] 

In sj)ite of tho lad that mcat-exf-rad has been in use ns an article of diet 
since the time of Hippocrates, (‘omparatively little has been known until 
recently of tlie chemical composition of this material A review of the 
(‘ailier literature on meat-extract shows that the methods of analysis used 
liavo boon so varied, and in some cases so unreliable, that it is not possible to 
vsatisfiK'torily compare majiy of the results obtained. The greatest obstacle 
In the way of a thorough and careful study of meat-extracts has been the 
unsat islaclorv <*on(lition of the analytical methods for determining the 
nitrog<Mious constituents upon which much of the value of a moat-extract 
depends. Recently, howoven*, more exact and uniform analytical procedure 
has b(‘en adopted, and serves as a basis for obtaining data of the composi- 
tion of lids coruj)lex material, and for delernuning th(i (‘omparative values 
of this produet. 

The objcH't of this investigation was to determine as far as possible tho 
<*oniplete ehemi<‘al com])ORition of meat-extract, and to ascertain wliich 
constitmmts iiicn»as(*(l and wludi de(‘reased the commercial value of this 
material, it having been found that the earlier methods of analysis used 
in this laboratory did not satisfactorily reveal the differences in composi- 
tion whi(*li <*<)uld account lor the varied value plac<‘d upon the extract in 
the London market, where a consideration of its colour, odour, and taste 
lurgdy determim's the price offered. 

The fact tliat» the complete analyses of New Zealand meat-preparations 
are not available makes the publication of the results obtained in this iu- 
vcstigatioii desirable. 

In an earlier })aper* tlic author described the methods of analysis used 
in the study of the composition of a number of extracts, and in the course 
of Hiis investigation the methods therein described for the determination 
of moisture, organic matter, mineral salts, chlorine, fat, and total nitrogen 
were used. The separation of the nitrogen and substances precipitated 
by 50, 60, and 80 per (‘CUt. alcohol has been discarded, as it is now found 

* Joum. 8oo, Chom. Ind., 1907, p- 1229. 

1— Trans. 
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TnitihacUon'^. 


ttat tlie results so obtained give no indication of the coimner(‘ial value of 
the extract. 

The following additional methods wore used in this inv(‘atigntion : 
Acidity . — Titrate a solution of 0*5 gram in 8(K) (‘.c*. ol wai('r willi <!(*( i- 
normal potassium-hydrate, using pheuolphtlialein as mdieuior; Ihe n^suU 
is then calculated and expressed in terms of acidity as hu-tK* <u*i(l. 

Insoluble and Cotigunhle Proteids . — For these d ‘terminal ions the pro\i- 
sional methods of the Association of Official Agiiciiltural (Miemists lor meat 
fibre and coaguable proteids were used.* 

Proteoses were determined by the zinc-sulphate met hod. f 
Peptone-Ule bodies and polypeptides were precipitated together ^^ith tin' 
proteoses by the taunin-salt reagent, the amount ol poptoiie-like bodi(*s 
and polypeptides being found by difference. J 

Total Meat Bases . — From the nitrogen found in the tannin-salt filtrate 
deduct the nitrogen found as ammonia, the differenc‘(‘ being the nitrogem 
as meat bases. 

Ammonia was determined by the magnesium-oxide method.§ 

Putin bases were determined by Schittonhelm’s method. || 

Kreatin and Ireatinin were determined by Follin’s colorimetric met hod. 
Phosphoric acid and potash were estimated in the residue from th(‘ ash- 
determination.**^ 


The following table shows the composition of the extract oxamim'd : 


— 

1 1 2 3 1 4 

per Cent.jpoi Cent. pci‘ C^ent. jh r CVnt 

5 

p (‘)* (V‘nt. 

(» 

pt‘i‘ nt. 

Moisture 

16*95 

14-49 

15-34 

17*39 

15-71 

17*51 

Organic matter 

66-48 

66-50 

65-15 

61-31 

62*76 

62-13 

Mineral salts , . 

16*57 

19*01 

19-61 

21*30 

21-53 

20*03 

Acidity, as lactic acid . . 

11-20 

12*60 

11-10 

10-90 

11*60 

11 -(MI 

Fat . . 

0-33 

0-40 

0*42 

0*41 

0*35 

0*15 

Total nitrogen 

8*47 

8*87 

8-12 

7-88 

8-05 

8-31 

Insoluble proteids 

1*17 

1-23 

1-23 

1*02 

0-98 

1*12 

Coaguable proteids 

0*38 

0-68 

0-6 1 

0-42 

0-17 

0-16 

Proteoses 

11*41 

16-49 

14-39 

11 - 8 J 

11-19 

10-21 

Peptone-like bodies and 

9*80 

5*40 

6-27 

10*69 

10-99 

10-15 

polypeptides 

Total meat bases 

12-98 

14*00 

12-40 

1 11-17 

11-21 

13-18 

Kreatin and kreatinin . . 

5-62 

6*60 

3-90 

i 4-16 

3-97 

5-10 

Purin bases . . 

0-86 

1*24 

0-46 

1-26 

J -84 

1-03 

Other meat bases 

7-60 

6*16 

8-04 

1 5-75 

5-40 

7-05 

Ammonia 

0-82 

0*90 

0-66 

1 0-64 

0-75 

0-52 

Chlorine 

1-87 

2*52 

3-07 

2-68 

3-05 

2-71 

Phosphoric acid 

6-54 

6*24 

5-29 

5-24 

5-58 

4-60 

Potash 

6-76 

7*60 

1 7-80 

8-14 

7-92 

8-32 


* U.S. Dept, of Agric., Bureau of Chem., Bull. 107, p. J 15, 

^ Ibid. 

J Journ, Amer, Chem. Soc., 1906, vol. 28, p, 1485. 

^ U.S. Dept, of Agric., Bureau of Chem., Bull. 107, p. 0. 

11 U.S. Dept, of Agric., Bureau of Chem., Bull. 90, i>. 129. 

II Zeit. Physiol. Chem., 1904, voL 41, p. 223, 

♦* U.S. Dept, of Agric., Bureau of Chem,, Bull. 107, pp. 3, 4, and 11, 
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Tlie following* tal>lo sliows the composition of the mineral salts of tlie 


extract examined 

1 

2 

3 

4 

0 

(5 


per Cent, per Cent. 

per Ci‘nl. per Cent 

pc*v Cent. |K.‘r CVnt 

Tnsoliihle matter 

1*32 

1*02 



0-88 

J*12 

0-24 

0-82 

Iron -oxide 

0*24 

0-30 

0-28 

0-41 

0*22 

0*19 

C*aicium-oxide . . 

J-24 

0*28 

M2 

1*37 

0*94 

0*82 

Magnesia 

0-27 

1*34 

0-76 

0*88 

1-04 

1-13 

Potash 

4:()-81 

39*98 

39*98 

38-21 

36-74 

41*53 

Soda 

6-52 

7-24 

8-10 

12-12 

9*25 

10*32 

Sulphur-trioxido 

2-24 

2*76 

1*92 

3*04 

2*08 

2*40 

Pliosphoric acid 

33-48 

32*82 

27*11 

24*60 

25*91 

22*90 

(lilorine 

11*27 

13*25 

15*73 

12*54 

14*16 

13*52 


Tlie moisture-coiitoiit as laid down by Liebig:* should not exceed 21 per 
cent. The total nuneral salts, accordini* to the same authority, should vary 
from 15 to 25 p('r <'eni. The mineral s«dts found in true meat-extracts are 
pot<issiiini-diliydj‘o^(Mi-phosplnite, potassiuin-monohydrot>on-phosphate, and 
the sulphates of calcium, potassium, and sodium, and the chlorides of sodium 
and potassium. Chloride of sodium is a minor constituent of meat-extract, 
the (ddorine beinj» pn^sent almost (mtirely as the potassium-salt. Salt is 
sometimes added to extra(*t of meat in order, it is stated, to preserve the 
product, but the fact that it increases the profit is probably the greater 
incentive to its use. 

In the extracts examined under the chemical control of this laboratory 
no added salt is found, and experience shows that non-salted extracts keep 
(juite tis well as tliose to which large amounts have been added. Since 
added salt is not iiecessarv to keep extracts from decomposition, the addi- 
tion of 8u<*h (*an only be regarded as an adulteration. 

Konig”* states that tlie mineral salts, especially the potassium-salts, 
pres(‘n1 in tli(‘ meal -extract ar<‘ valuable on account of their action on the 
iHM’vous system. 

(^hittiMidenf finds that the content of potash-salts causes a ({uickor and 
si ronger heart - beat. 

Tlie acidity of rneat-extiact, determined by using phenolphthulein as 
indicator, is (*alculated to lactic acid as a matter of convenience, and for 
th(^ sake of comparison with otlicr investigators. 

It is recognized that the acidity of meat-extract is due to various con- 
stituents, but sarcolactic acid is the predominating acid. It has been 
suggested that a part of tlie acidity is due to the phosphates present, but 
it is probable that the principal salt of phosphoric acid is the secondary 
potassium compound, which is neutral to phenolphthalein.t 

Pat is a detrimental ingredient in a meat-extract, and if present in large 
amounts indicates an imperfe(*t method of manufacture, and affects the 
keeping-quality of the extract. 


* “ Chemwchc Zuwammeiisctzuug Nahruntts-uncl Gonusftmiltel/’ p. 23G. 
t Med. Newb, 1801, vol. 58, ]). 710. 
t Joum. Amor. Ohom. fcjoo., 1908, vol. 30, p. 1563. 
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Transactions, 


The total nitrogen in meat-extract varies from 6 to 0 per coni. How- 
ever, ill judging the value of an extract it is of importance to <*(ni8i<lcr iho 
forms in which the nitrogen exists rather than its total amoiiiit : it has boiMi 
found by Chittenden* that while the nitrogen-contoiil is iiigh ii is not 
available for the body’s use as a food. 

Insoluble proteids should not be present in l<»rge amounts : tlKur pr(‘- 
sence m quantity indicates either the addition o£ inc.it-fibic or inip(‘ifcct 
methods of manufacture. To add meat-tibre or otber pn^lcin to a nn^nt- 
extract only reduces the proportion of meat bases to wliicli llu' oxlrai't 
owes much of its true value, and merely adds small amounts ot nutrinuMil 
at an unreasonable price. 

Coaguable proteids are also found in small amounts in all meat- 
extracts. It is impracticable to prepare a meat-extract containing nioi(‘ 
than a very small amount of coaguable proteids, for th(» reason thui 
in the process of evaporation the temperature necessary coagulates tin* 
proteid. 

Proteoses include the alhumoses and certain gelatinoids. IVlost of the 
nitrogen attributed to proteoses in meat-extract is due to gelatin or gela- 
toses, and, as these bodies have a very low nutritive value, f it is aj)[)arenl 
that the claim of a high nutritive value for meat-extra(*i rests upon v(‘rv 
miconvincing evidence. It is certainly incorrect to suppose iJjal l>(‘eaus(‘ 
proteoses are present there must be considerable nutriout property in meat • 
extract. 

Peptone-like bodies and polypeptides so described in this paper (‘orre 
spond with the nitrogen usually determined as and attributed to peptones, 
but, as the filtrate from the zinc-sulphate precipitate iurnish<»d n(‘g.i 
tive results when submitted to the biuret test, it is apparent that nt) 
natural peptones are present in the meat-extracts examined. Otluu' 
investigators have reported a similar experience, and for that reason tin* 
absence of peptones in meat-extracts has met with a more or less gemuMl 
acceptance. 

While natural peptones are excluded, it is probable that the nitrog(»n 
found in this determination is largely duo to the iiou-biurot-reacting ])<>lv- 
peptides of Fischer, J these substances being intermediate betwiMU) th(‘ 
peptones and amido acids. 

Fischer has pointed out that the commercial product is very cIoh(*1v 
related to the natural peptones, and that peptones are essentially a inixtiin^ 
of polypeptides, and he has further pointed out§ that many of t/bo poly- 
peptides fail to give the biuret reaction. 

As no true peptones are found in most meat-extracts, it is seen that the 
claims made concerning the nutrient value of mcat-oxtracls on a(‘(*ouni 
of the presence of peptones cannot be substantiated. 

It is to the mineral salts and meat bases that a moat-extract owes its 
true value. The mineral salts have already been discussed, but it is the 
meat bases that give meat-extracts their chief value. Their chemistry 
is most complex; physiologically the most important arc kroatin and 
kreatinin, and the purin bases. The puxin bases usually found are xanthin, 
hypoxanthin, adenin, and guanin. A considerable number of other meat 


* Med. News, 1891, voL 58, p. 716. 
t Amer. Joum. Physiol., 1907, vol, 19, p. 287. 

f “ Untersnohmigen iiber Aminosauren Polypeptides und Proteiixo,'* p, 23. 
$ Ibid., p. 50. 
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bases liave ])oen iso]al(‘d from meat-extract in recent years — namely, ignotin, 
oblitin. methylguauidin, carnorauscann, neosiii, novain, alanin, lencin, and 
glycocoll;* tkcso are present in extremely small quantities, and it is im- 
p<)ssii)l(‘ ^Mth our present Iciiowledge to determine ad oi the meat biiscs in 
meat -extra els. 

Tli(‘ meat l>*ises are the products ot the broa king-down of proteiiis in the 
vit.d ]>rocesses of the body, and arc excreted lor the most pait unchanged, 
and have little use as tissue-buildem ; neither do they produce heat or 
en<‘rgy ; tliev are therefore not foods. 

Itecent ex])oumentst show that moat bases furnish relief to fatigued 
muscl(*, and are poweiiul exciters ot gastric secretion. They are thus most 
valuable, in lliat they create an appetite and prepare the system for food 
and aid its dig(‘stion. Tlie custom of preceding a meal with soup which 
contains these b.ises has thorelore a strong physiological warranty. 

Ammonia when in (juantily indicates some degree of putrefaction. 
Ib'obablv some of the ammonia present is in combination with acids of the 
fatty series. 

Re(M'ntly ])reparations mad(' from yeast Juve been placed on the market 
as substitutes for and adulterants oi meat-extra (*ts. Wldle as far as the 
taste and appe<irance are cenu'erned they resemble moat-extra (ds, they show 
marked chemical difF(n‘en(*es, and are in no sense true substitutes, since 
tbev la(*k the valuable (‘onstiLiients and stimulating properties of meat- 
extracts, and their salts and bases. 

Yeast on hydrolysis yields extractives somewhat similar to those 
obtained from meat, and when evaporated by the open-pan process darkens 
and looks like extract of meal, (\ironiel is sometimes added to darken 
the colour. 

The following is the analysis of a sample of this class of product sold in 
this country : - 


Moisture 

Per Cent. 
.. 27-80 

Organic matter 

50-56 

Mineral salts 

.. 21-64 

Acidity, as lactic acid. . 

.. 7-60 

Kat, ‘ 

. . 0-20 

Total nitrogen 

. . 4-98 

Iimolnhle and coaguable proteid 

M8 

Proteoses 

. . 1*75 

Poptono-like bodies and polype))tidos 

Total nitrogenous bases 

10-00 

. . 3-11 

Kreatiii and kreatiiiin 

. . 0-32 

Turin bases . , 

. . 2-51 

Other nitrogenous bases 

. . 5-28 

Ammonia 

. . 0-26 

Ohloriuo . . • . . 

. . 4-25 


As in th(‘ case of tlie meat-extracts examined, no natural peptones were 
found. 

* Zt8, Nahr. Gonusam., 1902, p. 193 ; 1905, p. 528. Zts. Phj'siol. Ohem., 1906, 
p. 412. 

tdonru. Physiol., 1907, p. 163; Mcclioin-ohir. Oenfcrbl,, 1803, p. 053: “The Work 
oi ihti Digestivo (jJlands,” Pawlow, trans. by W. H. Thompson, 1902. 
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The low content of kreatiji and kreatiniu and the pic&oiico of the ])uiih 
bases are characteristic of yeast-extracts. 

Another characteristic is that the filtrate from the zinc-sulphato pre<‘ipi- 
tate is cloudy in the presence of yeast-extra ct, wlieioas with true nn‘at- 
extract the filtrate is clear.’* 

Accordmg to Mickot the distribution of the puriu bases is cliflereiii i)t 
meat and iu yeast extracts: in meat-extra('ts xanthiii and hypoxanthin 
predominate, while in yeast-extracts adeniii and ouaniu pr(‘doininat<‘. 

Formerly it was supposed that meat-extracts lepresentod the whole 
nutritive value of the meat from which they wore prepared, but from a 
consideration of their chemical composition as shown by more (*xact 
analytical procedure it is diOSicult to see uhence their food-value could 
come. 

Liebig’s views are clearly stated by himself, as follows} : “ Noithci* t(»a 
nor extract of meat is nutriment in the ordinary sense ; they possc^ss a 
far higher importance by certain medicinal properties oi a peculiar kind. 
. . . It is surely a grave offence against all the laws of physiology to 
compare tea, coffee, and extract of meat with the moie (ommon artk'los of 
food, and, because they are not that, to draw the inference that tli<\v arc 
nothing at all.” 

It is thus clear that extract of meat was never intended by Liebig 
to be regarded as a concentrated food, having but comparatively little 
nutritive value. It is only fair to state, however, that many mamifa(*turtM*s 
make no claim as to its food-value. 

There is little doubt that extract of meat is most valuable as a di(‘tary 
adjunct, in that it arouses appetite and aids the digestion of any food with 
which it is taken, by acting as an excitant of gastiic secretion ; it furtlier 
acts as a rapid and powerful restorative in condition of muscular fatigue. 
These are its true functions both in health and in disease. 

For permission to publish these results the author desires 1o exi>r(sss 
his thanks to the Christchurch Meat Company (Limited), in whose cheinh^al 
laboratory most of the work hi connection with this investigation was 
carried out. 


* Arab. Pharm., 1904, vol. 242, p. 527. 
t Ber. deut, Chem. Ges„ 1894, vol. 27, p. 490. 
t The Times^ Ist Octobei, 1872. 
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Art. II. — On certain Cha'tigcs in the Composition of the NiUogenous Con- 
siituents of Meat~extracfs, 

By A. M. AVRittHT, F.C.S. 

[Head befote Oie Philosophical Imtitiite of Cantarhiirij^ 2iid November^ 1910.'] 

During the processes ol manufacture of meat-extract considciable changes 
in tlie composition ol the nitrogenous constituents take place. In the first 
place, the meat from -which the extract is prepared is in contact with hot 
water for some time, and this, in conjunction with the sarcolactic and other 
fiesh acids, and with the salts present in muscular tissue, causes a certaui 
amount of hydrolysis to take place. The collagen of the muscle-fibre on 
hydrolysis yields gelatine, and by further hydrolysis soluble gelatin and 
other gekitinoids ; similar action on the albumin yields small amounts of 
albumoses. Secondly, dining the concentration of th(‘ extiact-liquor by 
evaporation further changes in composition take place. 

A liquor showing the following analysis was concentrated : — 


Moisture 

J?c'i Cent. 

.. 96-02 

Organic matter 

.. -l-OT 

Mineral salts 

.. 0-91 

Acidity, as lacti(* acid . , 

0-50 

Total nitrogen 

.. 0-488 

Insoluble and coaguahlo proteids 

. . 0-166 

Proteoses 

. . 0838 

Peptone-like bodies and polypeptides 

.. ira 

Total meat bases 

. . 0-886 

Ammonia 

. . 0<)64 

Calculating those results to correspond with 

an extract containing 

20 per cent, of water, the following composition is 

shown : — 

Moistiu'e 

.. 20 00 

Organic matter 

.. 66 «0 

Mineral salts 

.. 14-40 

Acidity, as lacti(* acid , , 

.. 8-00 

Total nitrogen 

. . 7-82 

Insolubh^ and coagiiable proteids 

. . 3-66 

Prot eoses 

.. 1034 

Pepione-liko bodies and polypeptides 

Total meat bases 

.. Nil 

.. 14-19 

Ammonia 

. . 0-86 

After concentrating the liquor in the usual way by opcii-pau evapora- 

tion for forty-eight hours at 212°Fahr. the composition of the resulting 

extract calculated on a 20-per-eent. -moisture basis 

is as follows :- — 

Moisture 

.. 20-00 

Organic matter 

.. 60-48 

Mineral salts 

.. 19-52 

Acidity, as lactic acid . . 

.. 10-30 

Total nitrogen 

. . 7-92 

Insoluble and coaguable proteids 

.. 1-16 

Proteoses 

.. 12-37 

Peptone-like bodies and polypeptides 

. . 8-69 

Total meat bases 

.. 13-53 

Ammonia 

0-80 
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I'i ansariion^. 


It is thus appaicnt that some considerable change had taken place in 
the composition of the material. 

A portion of the same original liquor was concent la tod undei a pailiju 
vacuum of loin, at ISC'" Falir. for three hours and a Jialf, and the com- 
position of the resulting extract calculated to a 20-per-cent.-moistur(‘ ton 


tent shows : — l*ei‘ t'ent. 

Moistuie . . . . . . • • . . 2()'<)() 

Organic matter - . . . . . . . bo-Ol 

Mineral salts . . . - • . . 

Acidity, as lactic acid . . . . . . . . 8-20 

Total nitrogen . . ♦ . • . . . 7-8b 

Insoluble and coaguable proteicl^s . . . . 2 *60 

Proteoses . . . . . . . . . . 13*08 

Peptone-like bodies and polypeptides . . . . 0*31 

Total meat bases . . . . . . . . 13*76 

Ammonia . . . . . . . . . . 1*08 


It is seen that when the liquor is evaporated under va('uum there is 
some change in the composition of the resulting extract — the pro])ortU)u 
of the organic matter decreases, while the mineral salts inciease ; other- 
wise the composition of the vacuum-evaporated extract is very m^arly 
that of the original liquor calculated to a 20-per-cent. -moisture (ontent, 
the acidity, insoluble and coaguable proteids, proteoses, and total meat 
bases being present in about the same amounts in each case. In the original 
liquor there were no peptone-like bodies, whereas in the vacunm-coti- 
centrated extract there were found 0*31 per cent, of these substan(*es. 

The extract eonc<‘iitrated in the open pan is very different in composi- 
tion from either the original liquor or the vacuum extract : the propoitlon 
of the organic matter has decreased, and the mineral salts increased con- 
siderably ; the total nitrogen remains about the same, but the forms iu 
which the nitrogen is present have undergone considerable change; about 
three-fifths of the insoluble and coaguable proteids have been reudere<l 
soluble and converted to other nitrogenous substances ; there is a decrease 
in the amounts of proteoses and meat bases : while against these decreases 
there is found 8*69 per cent, of peptone-like bodies which are absejit in the 
original liquor, and present in the vacuum extract fco only 0*31 per (‘eiil. 
The acidity has increased by over 2 per cent. 

The peptone-like bodies and polypeptides are bitter in taste, and it is. 
found that extracts containing relatively large amounts of these bodies 
have a decidedly bitter taste. Samples containing 16*38 per cent., 12*02 p(‘r 
cent., 14*65 per cent., and 13*43 per cent, of peptone-like bodies were found to 
be bitter, while in samples containing 8*44 per cent., 8*60 per c(mt., 8*69 per 
cent., and 5*09 per cent, of these bodies no bitter taste could be noticed. 

As but very small amounts of peptone-like bodies are present in vacuum- 
concentrated extract, and but little change in the composition of nitrogenous 
bodies is found, it is probable that the prolonged action of heat on the nitro- 
genous material in the presence of the normal flesh acids and salts, the 
amount of which, increase as the evaporation proceeds, is the cause of the 
marked change in composition found in the open-pan-concentrated extract. 
The so-called “ burned ” flavour sometimes foimd in meat-extracts is 
doubtless due to the same cause, for in vacuum-concentrated extract no 
such undesirable flavour is noted. 

For permission to publish these results the author desires to express his 
thanks to the Christchurch Meat Company (Limited) , in whose chemical labora- 
tory most of the work in connection with this investigation was carried out. 
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Art. Iir. — TJir Fh\st-note({ OvcHnvnct oj P( nfnfhionia Jcfd in Natural 

lVaf( AS*. 

By J. S. Maolaitrin, 

{Read hejoic the Wellnnitoti, Pkilo**ophi( ul Sociefi/, oth Octohtr^ iyJO.\ 

Pentatiijonk’ atid is leadily lonned by passing hydrog(Mi-sulplude into a 
solution of sulpluir-dioxido, hut. thougli well known to the chemist, it has 
not previously been found in natural wateis. This may he due to the fact 
that in ordinaiy analyses ol mineral wateis no special seaich is made for 
such compounds, Home account of the c ucunisiiinc(‘s that led to the dis- 
covery of the acid sliould llierefore be of interest. 

The water in which it was found was obtained lioni a lake on Wliite 
Island. This island, which is I he summit of a volcano, lies in the Bay of 
Plenty, about thirty miles from the mainland. The lake covers an area of 
approximately 15 acres, and has a mean lempciaiure of about J 10*^ Falir. 
The water is ot a very unusual character, containing a great variety of salts 
and an enormous amount of fiee hydrochloric acid. In examining it for 
iodine by the wTll-knc)wn iiotassium-nitrite test, the author noticc»d the 
formation oi a brown colour, which suggested the presence of a ferrous salt, 
but on titrating with poiassium-peiTnaiiganaie more permanganate sohition 
was used than the iron (previously determined gravimctrically) could re- 
<]uirc, even if all in the fonrous state, and, judging by the colour of the water, 
much of the iron was in the ferric state. There w^is no organic matter to 
cause this excessive reduction, and on adding decinormai iodine solution 
no appreciable action took pla(‘e, showing that the reduction could not be 
caused by sulphur-dioxide or liydrogen-sulphide. On prc'cipitating with 
<‘xcess of barium-chloride to free from sulphate, filtering off the BaHO^, 
and heating with bromine water, a further precipitate of BaH0| was formed, 
showing that some sulphur compound was present. It schemed probable 
that this was one or more of the polythionic* acids — most probably pen ta- 
thionic' acid, because* of its greater stability, lu order to prove the truth 
or otherwise of tliis surmise tlie whaler was boiled with mercuric cyanide 
(Debus, Jour. Oliem. Soc., 1888, p. 288), 1'he reaction between mercuric 
cyanide and p<*ntathionic acid is as follows: lfg{0N)3 + 

+ 280^ + 21f(’N. If the Hg in the precipitate (HgB 4- >S2) be dotormiaed, 
the equivalent amount of H in the can be calculated, and by precipi- 

tating the 80,, in the filtrate as BaHO^ the oxygon and pait of the sulphur 
<*an be estimated. The remainder of the sulphur can lie determined in 
the Hg8 •+• 82 precipitate. The results so obtained for H, 8, and 0 ap- 
proximated roughly to the fortmda H^S^Og. The oxygen was, however, 
too high, and it was thought iirobable that this was due to the oxidizing 
action of the ferric chloride and hydrogen-chloride present in considerable 
quantities in the water. Attempts to remove these substances were at 
first unsuccessful. The iron could not be precipitated by an alkali, since 
pentathionic acid is at once decomposed in alkaline solution ; nor could 
the hydrogen-chloride be neutralized with a soluble alkali (soda, <fcc.), since 
momeutaiy local supersaturation of the acid, with consequent decomposi- 
tion of pentathionic acid, cannot be avoided. Precipitation of the iron as 
basic acetate was also tried, but this was not satdsfactory. Finally the 
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difficulties were met by shaking up with slightly less magnesium -oxide 
than was necessary to neutralize the iree acid and then precipilatino the 
iron with polassium-ferrocyanide. 

Although the hydrochloric acid could be nearly neutralized by lliis 
means, the chlorides so formed reacted with the nieicuiic cyanide, so that, 
instead of a precipitate of HgS 4 * 83 , one containing a large ])ro|)orlion ol 
HgClg was obtained. This rendered the determination oJ the Iiydiogc'n 
in the pentathionic acid more difficult and less reliable than in llie absence 
of HgClg. It was therefore decided to be satisfied with the apjiroxiniate 
values for hydrogen already found, but to redetermine the sulphur and 
oxygen. 

For this purpose 2,000 c.c. of the water was precipitated in the cold 
with slightly less barium-chloride solution than was necessary to thro^^ 
down all the SOg. After standing for twenty-four hours, the barium -sulphat(' 
was filtered off. The filtrate was divided into three portions, A, B, and C. 
In A the small amount of SO 3 still remaining was estimated by adding 
excess of barium-chloride and allowing to stand for twenty-four hours. This 
determination was made in the cold, because boiling causes slight decom- 
position of pentathionic acid. In B, the total sulphur was dc'tormined 
by oxidizing with bromine water and precipitating with barium-chloride. 
0 was boiled with mercuric cyanide, filtered, and the SO 3 in the filti*ate 
determined by boiling with solution of barium-chloride. By subtracting tlie 
amount of barium-sulphate obtained in A from the amounts found in B and 
C respectively, the S and 0 of the HgSgOe readily calculated. 1’he 
results so obtained gave SgOg-ga* 

As the water is a very unusual one, the complete analysis will no doubt 
be of interest. It is as follows : — 

Per Cent. 


Silica (SiOa) . . . . . . . . 0-0080 

Titanium-dioxide (TiOg) . . . . . . 0-0030 

Sulphur-trioxide (SO 3 ) . . . . . . 2-6534 

Carbon-dioxide (COg) . . . . . . 0-0130 

Phosphorus-pentoxide (P 3 O 5 ) , . . . Nil 

Boron-trioxide {B 3 O 3 ) . . . . . . 0*0310 

Arsenious oxide (AS 2 O 3 ) . . . . . . 0*00056 

Chlorine (Cl) . . . . . . . . 4-8210 

Bromine (Br) . . . . . . _ 0-0034 

Iodine (I) . . . . . , . . . . Trace 

Oxygen (basic) (0) . . . . . . . . 0-5306 

Iron (Fe) .. .. .. .. .. 0-1456 

Manganese (Mn) . . . . . . . . 0-0014 

Aluminium (Al) . . . . . . . . 0-3330 

Calcium (Ca) . . . . . . . . 0-1497 

Magnesium (Mg) . . . . . . . . 0-0790 

Potassium (K) . . . . . . . . 0-0884 

Sodium (Na) . . . . . . . . 0*2154 

Molybdenum (Mo) . . . . . . . . Trace 

Copper (Cu) Trace 

Ammonium (NH^) . . . . . . . . 0-0091 

Hydrogen in hydrochloric acid (H in HCl) . . 0-1328 

Pentathionic acid (HaSgO^) . . , . . . 0-0240 


9-24236 
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Tliose results may be restated as follows : — Per Cent. 

Arnmonium-clilonde (Nir^Cl) .. .. 0-0273 

Potassium-chloride (KCl) .. .. .. 0-1654 

Sodium-chloride (Nad) . . . . . . 0*0379 

Potassium-bromide (KBr) .. .. .. 0*0051 

Potassium-iodide . . . . . . . . 1V<ico 

Sodium-sulphate (Na^SOJ .. .. .. 0-619 J 

Maf^iicsium-sulpliate (MgSO^) .. .. 0*3948 

Calcium-sulphate (OaSO^) .. .. .. 0*5090 

Aluminium-sulphate (Al2(S04)3) . . . . 2*1090 

Ferric sulphate (Fe2(S04)3) .. .. 0*2600 

Ferrous sulphate (FeS04) . . . . . . 0*1976 

Manganous sulphate (MnSOJ .. .. 0*0038 

Copper-sulphate . . . . . . . . Trace 

Molybdic acid . . . . . . . . Trac'e 

Silica (SiOg) .. .. .. .. O*(K)80 

Titanium-dioxide (TiOg) .. .. .. 0*0030 

Boron -trioxide (BgOy) .. .. .. 0*0310 

At senious oxide (AsgOi) •• *• •• O-0(K)56 

Carbon-dioxide (CO2) .. .. .. 0*0130 

Hydrochloric* acid (H Cl) .. .. .. 4*8338 

Pen tathionic acid (ElgS^O^j) .. .. .. 0*0240 


9*24236 

The water is remarkable for its complex (‘haracter, and particularly 
for the very largo arnomit of free hydrochloric acid which it contains. The 
presence of boron is interesting, more especially as it occurs in larger amounts 
than are found in some of the Tuscan waters used for the commen-ial pro- 
duction of boric acid. 


Art. IV.— Wc (^onductivitij of Aqueous Solutions of Carhm-dioxide prepared 
under Pressure at mrious Temperatures ; with Special Reference to the 
Formation of a Hydrate at Low T<*^}iperatures. 

By C. M. Stubbs, M.A,, 1851 Exhibition Research Sc*h<)lar, Canterbury 

(Wlegc. 

Communicated by Dr. Evans. 

\Ituid Infore iJie Pliilotiophical Institute of Canterbury, iind Xowmbcf, 7010.] 
Introductory. 

It is well known that at ordinary temperatures carbon-dioxide is soluble 
in about its own volume of water, whatever be the pressure under which 
it passes into solution, the volume of the gas being measured at this pressure. 
"Such an aqueous solution shows weak acid properties, giving, for example 
an acid reaction with phenolphthalein, and turning blue Htmus purple. 
It is assumed in text-books that a compound H2CO3 is formed which ionizes 
.as a weak acid into H+ and HCOs^. 
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In order to ascertain wliat work had Leen done in tonnoction witii tlie 
acid properties of COo solutions, a thorough search was made in all the 
available journals — viz., the “Journal ot London (Vmical Sodely,” the 
“ Philosophical Ma^>azme,” the “ Ameiican Journal of Physical Cheniifitry," 
and “Zeitschrift fiir Physikalische Chemie.” Nearly all tlie leliMeiices wen* 
found in the first ot these. It is very improbable Hint any valiiahh^ Avork 
done w^ould escape notice in its abstracts; and, indeed, Walker an<l 
Cormack, reviewin|> in a preface to one of their theses the work known to 
them as having been done, mention none which is not teferred to in this 
journal. 

In searching the journals special attention was paid to the records of 
conductivity experiments, it being felt that the electrical conductivity 
method was much the best of approaching the subject of degree ol ioniza- 
tion, if not the only practicable one. At the same time attention wms 
paid to every detail concerning CO 2 solutions which could possibly bear 
on the subject, especially to solubility at different pressures and tempera- 
tures, and the formation of hydrates. 

Biblioguaphy. 

The Cmnhination of Carhon-dioxide and Water, Wroblew^ski, 1882 (Joiirn* 
Chem. Soc., vol. 42, p. 692). — The author (who first discovered the existence 
of a hydrate ot COg) infei-s that a definite but readily dissociable hydrate 
exists “ capable of existing only under certain piessures, iu( reasinu witli 
the temperature, and equal to 12*3 atmospheres at 0° CV’ 

The Gmnposition of Hydrated Carbonic Acid, ^yroblewski, J882 (Journ. 
Chem. Soc., 42, 1026). — The author concludes that at a temperature of 0*^, 
and under the pressure of about 16 atmospheres, COg unites with water to 
form a hydrate COgSHgO. 

Law of Solubility of Carbon-dioxide in Water at High Pressures, \Vrol>- 
lewski, 1882 (Joum, Chem. Soc., 42, 1021).— From this abstract it seems 
{iivter alia) that the author had been able to form the hydrate only in small 
quantity, at the free surface of the solution, and the experiment seems to 
have been complicated by the freezing of the water. 

The Electric Conductivity of Solutions of Carbon-dioxide, Pfeiffer, 1885 
(Joum. Chem. Soc., 48, 212 ; original paper in Ann. Phys. Chem. (2), 23, 
625-^, to which there was no access). — ^Pfeiffer was the" first to definit<*lv 
investigate the conductivity of COg solutions under vaiyung pj’ossurc^s. 
He worked with pressures of from 1 to 25 atmospheres, and api)areutJv ut 
ordinary temperatures. His results, in effect, were— (1.) Conductivity is 
in every case very small ; under normal conditions it equals of that of 
spring water. (2.) If all the dissolved COg were converted "^into ionized 
HgOOg its conductmty should be more than 1,000 times as great as observetl 
value. (3.) Change of pressure produces no alteration in the conduc- 
tivity. (4.) Conductivity increases rapidly with increase of temperature ; 
c/. with acetic and oxalic acids (this statement is not made at all clear 
in the abstract : temperature seems to be confused with dilution). 

Coyiductivity of Aqueous Solutions of Carbon-dioxide, Knox, 1895 (Journ. 
Chem. Soc., 68, ii, 100).— Conductivity w'as determined by KohlrauschV 
method, experiments being made at varying pressures, results being re- 
corded ^for both rising and falling pressures, and at temperatures of 12*5° 
and 18®. M of his work appears to have been done with comparatively 
weak solutions, the most concentrated solution mentioned in the table of 
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recorded results (Journ. Chem. Soc., 77, 9) liaviDt* a dilution 12-6, corre- 
sponding to less than 2 atmosplieres pressure. He worked down to very 
great dilutions, and obtained a lairly satisfactory dissociation constant 
under these conditions. 

The Dissociation (Unistant of (^arhon-dioxide hi Solution, Walker and 
Cormack, 190() (Journ. Chem. Hoc., 77, 5). -These investigators worked 
along the same lines as Knox, with appanmtly more elaborate pre- 
cautions to insure accuracy. They measured the conductivity of solu- 
tions of various concentrations, all at a temperatui'e ol 18°, the 
pressure of CO^ in coiita(‘t with the solutions never rising above atmo- 
spheric. The ordinary Kohlrausch method of determining conductivity 
was used, measurements being made with induction coil and telephone. 
The apparatus was of glass, and great care was taken to insure abso- 
lute insulation of electrodes, &c. Water for the experiments witli a con- 
ductivity of 0*7 X 10 in Siemens units at 18° was used, being obtained 
by successive distillations ( 1 ) with alkali, ( 2 ) with phosphoric acid, and 
(3) alone, the last being conducted in chemically pure air. 

Eeferenoe is made to Pfeiffer’s and Knox’s experiments. The solutions 
in Pfeiffer’s experiments wore prepared under pressure, and hence were 
too concentrated to be of service in fixing the dissociation constant of 
COg. (Tlie same objection applies to the experiments described in this 
thesis, and consequently no attempt has been made to determine the dis- 
sociation constant.) 

Knox’s dissociation constant is calculated as 0*380 x 10'°, the authors’ as 
0*304 X JO **, corresponding to a difference in actual conductivity of about 
10 per cent. This result is considered as being due to the authors having 
used better conductivity- water and to their mord accurate method of deter- 
mining the concentration of CO 2 in the solution — viz., by titration with 
barium-hydroxide, as against Knox’s measurement by means of the pressure 
of CO 3 in the solution. (The above-mentioned discrepancy between the 
results of good workers would seem to show the experimental difficulty in 
obtaining accurate results when working with very small conductivities.) 

The conductivity imparted to pure water by exposure to atmospheric 
CO 2 is calculated to bo 0*65 x 10 Siemens units. At this very small 
concentration 14*4 per cent, of the dissolved COg exists in the ionized state. 

The remainder of the paper and an addendimi (Joui*n. Chem. Soc., 83, 
182) discusses the relative proportions of dissolved COg and uii-ionized 
H 2 CO 3 existing in the solution, but without coming to any very definite 
conclusion. 

A Hydrate of Carbon-dioxide, Villard, 1895 (Journ. Chem. Soc., 68 , ii, 44). 
— The author’s experiments lead him to take COgGHgO as the composition 
of the hydrate. It does not decompose below 0 ° (c/. with Hempel and 
Seidel, below). 

The Absorption Coefficient of Carbon-dioxide in Water at 0°, Prytz and 
Holst, 1895 (Journ. Chem. Soc,, 68 , ii, 104). — The freezing-point of a satu- 
rated CO 2 solution at atmospheric pressure was determined, giving a depres- 
sion of 0*156°. The calculated depression, assuming all the COg to dissolve 
as such or as HgCOg, was 0*158°. Absorption coefficient at 0® - 1*7308. 

Compounds of Carbon-dioxide with Water, Hempel and Seidel (Journ. 
Chem. Soc. 76, ii, 151). — By sealing solid CO 3 and water in a glass tube, 
allowing temperature to rise to ordinary temperature and then cooling, a 
CO 2 hydrate was crystallized out ; at 8 ° it melted under the vapour-pressuro 
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of liquid COj iii the tube, and at - 2 ° under atmospheric* pressine. (Com- 
position given as CO 28 H 3 O or COg^HgO. 

Other references which were looked up, but from A\hi(*h no furllnM- 
assistance was gained, were : — 

On the Phijsical Peculiarities oj Solutions of (rases m Liquids, W'ankhn 
(Phil. Mag., 1902, 3, 346). 

On the Influence of Pressure on the Electrical (\nuiuctieifq of Solutions 
(Journ. Phys. Chem., 1899, 3, 186). 

Determination of Electrical Conductivity of Solutions with Direct-current 
Instruments (Journ. Phys. Chem., 1901, 5, 536). 

The Lowering of the Freezing-foint of Water produced by Concentrated 
Solutions of Electrolytes^ and the Gonductiviti/ of such Solutions (Journ. Pliys. 
Chem., 1903, 7, 311). 

Variation of Electric Conductivity at Low Temperatures (Journ. Phys. 
Chem., 1903, 7, 407). 

Summary. 

From these abstracts the following summary may be made : ~ 

( 1 .) Solutions of CO 2 in water, at least mider certain (*ouditions of tem- 
perature and concentration, contain a certain (comparatively small) nunilxM* 
of ions, presumably, by analogy with other weak acids, and from the (wi- 
dence of their chemical behaviour, consisting of H+ and HCC, , from a 
molecule of H 2 CO 3 . 

( 2 .) The degree of ionization has been measured by means of the <4ec- 
trical conductivity at ordinary temperature and under pressures vfn*ying 
from 1 to 25 atmospheres (Pfeiffer) ; also at tempera tui*es of 12*5^^ and 
18°, and concentrations below normal, due to atmospheric pressure 
(Knox, Walker, and Cormack). 

(3.) A fairly satisfactory dissociation constant, agreeing with Ostwald’s 
dilution law, has been calculated for small concentrations. The degree ol 
ionization under ordinary conditions is very slight, so that HgCOy is a very 
weak acid. 

(4.) At 0 ° and under high pressures a hydrate of COg has been ciystal- 
lized out, stable apparently only under certain corresponding conditions of 
temperature and pressure. The composition is doubtful— possibly COg 8 H , 0 . 

(Grounds of Eesearc’H. 

It will thus be seen that conductivity-determinations had ])een niadt^ 
only at the temperatures of 12-5° and 18°, and that high pressures had been 
employed by only one investigator, Pfeiffer, using from 1 to 25 atmospheres. 
One statement of Pfeiffer’s seemed to call for investigation— namely, that 
at high pressures the conductivity was constant, being unaffoclod hv 
change of pressure. This seemed so opposed to the ordinary behaviour ()f 
fairly concentrated solutions (a solution of COg at ordinary temperatures 
and under 25 atmospheres pressure being roughly normal) that it was 
thought worth making a series of conductivit}--determinations at 18°, both 
to settle this point and to check with previous work. 

The conductivity of COg solutions saturated under various pressures at 

seemed to call for investigation, especially in view of the fact that at 
th^ temperature and high pressures a hydrate of CO., had been shown to 
exist, the properties of which, including its composition, had been only 
vaguely determined (e.g,, the discoverer, ^yroblewski, stated in one abstract 
that at 0 the hydrate was formed at 12*3 atmospheres pressure, while in 
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another the pressure was given as 16 atmospheres ; even the composition was 
in doubt, being given as having 6, 8, or 9 molecules of water of hydration). 
It was anticipated that the formation of a hydrate should cause a very notice- 
al)le variation in tlie conductivity, and this anticipation was fully realized. 

The work to be attempted consisted in — 

(L) Investigating the conductivities, at 18*^ C., of satuiMted solutions of 
COg in water, under pressures ranging from 1 to 30 atmospheres. 

(2.) The same, if possilde, at ()*' — i>., if formation of a solid hydrate did 
not interfere with the obtaining of a complete result. 

(3.) Investigating, by means of the conductivity, the lormntion and proper- 
ties of a COg hydrate at various low temperatures and at various pressures. 

(4.) Determining the variation in conductivity of COg solutions due to 
a variation in temperature. (This could only be done to a limited extent 
in the available time.) 

(5.) One or two other points of interest in connection with COg solutions 
came up during the course of work, and will be referred to. 

Apparatus ant> METiron. 

The ordinary Kohlrausch method of determining the electrical con- 
ductivity of solutions was adopted, using induction coil and telephone. 
Bridge- wire and known resistances were calibrated. 

Conductivity-vessel. 

A special form of closed conductivity-vessel had to be used in ord(‘r 
to stand the high pressures of the experiment. It was made of gun-metal, 
as it was not* considered that glass would stand the pressure used. The 
only disadvantage attending this was that in the later stages of the experi- 
ment the interesting changes taking place within the vessel were not visible 
to the eye. The diagram on next page shows the details of construction. 

The casting consisted of two parts — ^the vessel B, and the head A, which 
screwed on to B by the thread 0. At D, fitting on to B was a broad lead 
washer, by screwing the head tight down on to which the apparatus was 
rendered absolutely gastight, even at the highest pressure. The head was 
bored with two slightly coned holes E to receive the electrodes F, G, H, L, 
the tops of which were coned at the same angle. Over the coned tops F 
of the electrodes pieces of the best rubber tubing were tightly stretched, 
the electrodes being then pulled home into their sockets ; this both made 
the electrodes perfectly steady and gastight, and also effectively insulated 
them. The electrodes, which wore stout brass rods, tapered off from the 
shoulders J, and terminated in the platinum electrodes L. The exposed 
brass parts were encased in hard Jena -glass tubes which fitted tightly on 
to the shoulder at J. Into the ends H were soldered with silver-solder stout 
platinum wires, shielded by Jena-glass tubes sealed at K, and terminating in 
the electrodes L. The latter were made of heavy platinum sheet, measured 
each 20 mm. by 22 mm., and were placed fi*om 8 mm. to 10 mm. apart, being 
closer at the bottom than at the top. They could be adjusted to a suitable 
distance by bending the platinum wires K, L. The ends of the electrodes 
protruding from the head were threaded to receive the nuts N and P. 
M was a thick fibre washer, acting as an insulator ; N a nut which was screwed 
down tight, thus pulling the electrodes fast into their sockets. P was 
another nut, which with N formed a binding screw for the lead from the 
electrode. The whole arrangement of electrodes was found to be quite 
steady and satisfactory from a conductivity point of view. 
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The aperture Q in B received the pipe R, thiough which uiicl(‘r 
pressure was forced into the cell. This pipe terminated in the tlaiige S, 
which could by means of the nut AV be forced home on a lead waslier at T. 
The oas passed through a small hole in the washer, then tliroiigh the j)aHS<iL>(‘ 
0 into tlie conductivity- vessel. 




The details described made the vessel in practice perfectly gastiglit. 
The inside of the vessel was gold-plated, and an inner vessel of spe(*ial Jena 
glass, manufactured for conductivity purposes, was placed within the 
outer plated one, which it fitted closely. As a further precaution, the ])art 
of the head near the shoulder J which w^as exposed above the solution *\vas 
coated with insoluble enamel. (As a matter of fact, this was needless, as it 
was fomid in working that no water condensed on the head and upper part 
of the electrodes.) 

Thus only the best Jena glass (beside the platinum electrodes) w-as in 
contact with the solution, and this glass was fomid to impart a definite 
but very small conductivity, which could be, and was, allowed for through- 
out the wrork. 

Regulation of Temperature. 

During the experiments conducted at 18° the electrol 3 i:ic cell was im- 
mersed in a thermostat, fitted with a large toluol-mercury thermo-regu- 
lator and a centrifugal stin*er worked by a hot-air engine. This gave verv 
satisfactory results, the temperature never varying by 0-05° on either side 
of 18°. For experiments at 0° the conductivity-vessel 'was immersed in 
crushed ice, which was frequently renewed. Probably the temperature of 
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tin' vcssol lose to <)*5° at tinieH even wh<'ii iniTnerbed in the ice ; Imt beiore 
taking a final leading in any ex]}enineiit tlie temperature was always ke])t 
(by constant stirring) exactly at 0"^ till the reading assumc'd a constaiil 
value. The difTeience in solubility of at the tempc'rature slightly 
«ib()ve O'- would be small, and would make (especially at higher pressures) 
a n<‘gligible difTeience in conduct ivily : so that by the above precautions 
it may be assumed that an accurate value of the conducdivit v was obtained. 
For tlu' ex])eiiments al low temperature's other than ranging from — 1*^ to 
9“', the obseivers continual presence was re(|uned to keep the tempera- 
ture ot the bath constant. The thermometer used was graduated to t(*nths 
of a degree, and the temjx'rature was kept at the recjuiied point by the use 
below 0° of a salt solution and ice, and above 0° by adding small pieces of 
ice to the waiter, witli constant stirring and watching tlie thermometer. In 
every case a fimil reading 'was taken only after keeping the tempc'ratiu'e 
(‘onstant for a c*c)nsiderable time (at least thirty minutes), and making sure 
that readings wc're no longer varying. 

StIRTUNCjI, KT(\ 

Owing to the torm ot the conducdivity-vc'ssel, the position of the c'lec*- 
trodes, and the high pressure c'lnployecl, it was deemed inadvisable to 
attempt to cmiploy a stirrer in the solution ; nor could a thermometer be 
introduced. The large mass of metal in the ajiparatus, how'C'ver, insured 
that the temperature inside W'as the same as that ol the thermostat. The 
absence of a stiiTcr was a drawback from a time point of view, as is was found 
that saturation at any pressui*e of COg, though aided by slight shaking of the 
apparatus and by convection cuiTCuts, took twenty-fom* houj*s to accomplish. 

(^arbon -dioxide was obtained chemically pure from a bomb of liquid COg, 

PRESSURE-ejAaOES. 

Two prcssui-e-gauges used to determine tbc' pressure of V02- The dial 
gauge was used for higher pressures ; it was a new one of 8 in. diameter, 
and previous to use in the experiments was checked by a standard gauge. 

For pressures less than 5 atmospheres an open mercury gauge was used. 
It could 1)0 connected at pleasuiv with the apparatus by means of a needle 
valve, and by it pivssurcs could he read off in millimetres of mercury with 
great accuracy. By means of a screw below the needle valve the pressure 
in the apparatus could al any time he relieved to the desired extent. 

(’OXI)XTC’TIVrrY-WATBR. 

As the electrical conductivity even of fairly concentrated solutions of 
C’Og is veiy small ~<K‘Cording to Pfeiffer, ** about one-twentieth of that ol 
spring w^ater under normal conditions” — it was necessaiy to obtain by dis- 
tillation water of special purity. Walker and Oormack, whose work has 
been referred to, obtained by three distillations a supply of water with 
a conductivity at 18° of 0*7 x 10 Siemens units, or about 0-76 x 10 
reciprocal ohms. This appears to have been the best water used l>y any 
of the workers w'ho have been referred to. Walker and Cormack wmrked 
with very dilute solutions where the conductivity was very small, and the 
relative effect of impurity in the w'ator consequently great ; it was there- 
fore considered satisfactory for the purposes of the present experiments 
when a supply of water was obtained giving a conductivity of less than 
1 X 10~® ohms at 18° C. The supply was got by distilling in the open air 
with a modification of the Bousfield still. The distillate condensed on hard 
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Jena glass and dropped straight into the special collecting-Hask. 1’Jie water 
so obtained kept very well, showing a slight improveinent alter stora»(‘ 
in an atmosphere free from carbon-dioxide. 

Preparation of Electrodes, et(^ 

After the electrodes were in place they were cleaiis(‘d thoroui>lilv with 
chromic acid. They were then platinized in a solution of plalinuin-cliloiide 
and lead-acetate, a four- volt current being passed for twelve^ nnnui(‘s, 
reversing every half-minute. To clean from the platinizing solution, they 
were then used as cathode for twenty minutes in dilute sulpliiiric acid, 
and afterwards thoroughly washed with distilled watei. A good uniform 
coating of black was thus given, making the bridge-readings satisfactorily 
clear and definite. 

The cell constant was determined in the ordinary way, using 
potassium-chloride solution as standard. (Here, as in tlie case ol all 
solutions, the glass conductmty- vessel was filled np to a fixed height, 
sufficient to cover the electrodes half an inch or more.) Several determina- 
tions gave a mean value for the cell constant ol ()-()833. 

Experimental. 

Altogether some six hundred readings were made, but of these only the 
final ones will he noted in this paper, unless for some special reason others 
leading up to them seem necessary. In making readings care was taken to 
note time, temperature, and gauge-pressure, as w^ell as the bridge-reading. 

Conductivities are expressed throughout in reciprocal ohms. 

In most cases it was thought sufficient to determine the conductivity 
corresponding to every half-atmosphere pressui’e from 1 to 2| atmospheres, 
and to every five atmospheres from 5 to 30 inclusive. 

Pressures are given as absolute values. 

Dial-gauge readings were obtainable to well within a tenth of an atmo- 
sphere ; mercury-gauge readings to one five-hundredth of an atmosphere. 

Series I. 

Temperature constant = 18° C. (± 0-05°) in thermostat ; stirrer work- 
ing continuously ; cell immersed. 

As fluctuations about the mean temperature were very small, produc*- 
ing only negligible variations in conductivity, the temperature throanhout 
taken as 18° 0. 

Allowance made for half the conductivity of the water in cakuilating 
the conductivity of the solution ; this done throughout. Calculations njad(‘ 
as follows : If R denote the fixed resistance used, R' the resistance of tlie 
solutions, c the conductance (= 1), C the specific conductance or conduc- 
tmty, K the cell constant, x the bridge-reading : — 
therefore E : R' = ^ : 100 - 


K ^xoo - x) 

and C __ 

li (100 - a?) 

Work done with deKeuding pressures. Air withdrawn through mercurv- 
gauge valve by a Heuss pump. Valve then closed, and CofaUowed to 
^ the app^atns. This m turn withdrawn, and process repeated several 
tunes tall all air thus swept out. Pressure put up to 30 atmospheres. 
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Tlio following is a table results (temperatuie 18*^ V,) - 


Pn'ssme; * 

Almosphci'cs. 1 

Final 

Bridi't'-roadini'. 

R( sistanco. 

( 'onductivjtv. 

30 ' 

40-6 

300 

188*6 

X 10 " 

25 

40-2 

3(H) 

185*4 

X 10 " 

20 

38*82 

3(H) 

171*2 

X 10 

15 

35*67 

3(H) 

152*6 

X 10 '■ 

10 

32*1 

3(H) 

129*9 

X 10 " 

5 

37*75 

500 

99*75 

X 10 


31 *85 

500 

76*59 

X I0“* 

2 

30*35 

500 

71*35 

X 10 " 

n 

28*55 

500 

65*33 

X 10-“ 

j 

27*2 

500 

(}()*98 

X 10 “ 


The values obtained for the conductmty at diffei'eiit ])ressures dis])rove 
Pfeiffer’s statement that < onduethdty does not vary with increase of 
pressure. Thes<‘ values lie on a rei>ular (nirve wlii<*h ascends very sharj^ly 
from 0 to I atmosphere, and thereafter nnieh more gradually. The influeiiei' 
of concentration on (conductivity decreases fairly rapidly as the concen- 
tration increases, but do(‘s not vanish even at tlie Inchest pressuiv. 


Series II, 

Temperature = if (\ 

Work was begun with ascending pressure, and a (‘omplete range of 
values obtained. Subsequent work was under very vaiying conditions of 
temperature and pressure, such being called for by the obseiwed phenomena. 
The following table gives tlie first results (temperatuie 0° C.) : — 


Preshure ; | 

Atmosphoios. 

Final 

Bridge-reading. | 

R(‘sistanct*. 

Conduotivitj 

1 

28*4 

iiW 

32-35 

n 

31*(i 

KHH) 

37-78 

2 

35*0 

J(HH) 

44-15 


37*4 

KKX) 

1-9-06 

6 

29*15 

5(K) 

<)7-82 

10 

34*85 1 

1 rxK) 

88-38 

15 

38*0 

rxK) 

lOJ-4 

20 

39*35 

5(K) 

107-4 

25 

41*() 

5(H) 

115-1 

30 

41*8 

5(K) 

118-9 


So far the behaviour coiTespondod exactly to that at 18°, the conduc- 
tivity being, of coui*so, considerably lower. Wroblewski was said to hav(» 
discovered a hydrate formed at 0° under pressures given as 12’3 or 16 atmo- 
spheres of CO3, and it was anticipated that if such a hydrate existed there 
should be abnormal behaviour of the (conductivity at these pressures ; but 
such was not the case. 

The pressure was now let down, the intention being to work witli de- 
scending pressures over the same groimd. For all future work tlie resislaiK'f^ 
used in the box was 500 ohms. 
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The following was the result : — 


1 

Date. 

Time. 

Prebsure : 
Atmoflphoros. 

Biidi2;c- 

roadinaf. 

C^ouduotiviU 

Sept. 2 

11 a.m. 

' 25 

41-35 

116-7 

S) ^ ^ 

6.15 p.m. 

20 

33-0 



12 noon. 

20 

32-(55 

80-01 

,, 4 

10 p.m. 

18 

32-85" 


,, 6 

4 p.m. 

18 

31-85 

77-11 

7 

12.46 p.m. 

16 

30-8 

73-45 

„ 8 

9.30 p.m. 

14 

30-9 

73-8 

» 9 

12.10 p.m. 

12 

30-9 

73-8 

„ 9 1 

10,40 p.m. 

10 

32-1 


„ 10 

9.30 a.m. 

10 

31-9 


» 10 

6.30 p.m. 

10 

32-4 


» 12 

1 p.m. 

8 

33-65 

! 83-8 

„ 13 

10.35 p.m. 

5 

30-2 

1 71-4 


Temperature, 0*05°. 


It is evident that somewhere between 25 and 20 atmospheres prossiirt*' 
of CO 2 a sudden change occurred in the nature of the solution, the con- 
ductivity undergoing a remarkable drop. As other experimenters had ob- 
tained evidences of a hydrate of COg existing at low temperatures and high 
pressures, it was assumed that the change in conductivity was due to the* 
formation of the hydrate. 

The values of conductivity obtained at 25, 8, and 5 atmospheres pressure 
show that, apai*t from the influence of the hydrate, the conductivity of the 
solution under descending pressures follows closely that under ascending 
pressures, being in each case somewhat higher. 

The remainder of the experiments consisted in an attempt to determine, 
by varying both pressure and temperature, such properties of the hydrates 
as capacity for super-cooling, temperature of transition under various pivs- 
suxes, degree of variation with temperature of conductivity of hydrate 
or of solution, &c. Though consecutive with Series II, they will for con- 
venience be designated Series III, and in most cases details will be omitted. 


Series III. 

A. An attempt to determine the pressure under which formation of thc‘ 
hydrate would take place. Temperature, 0°. 

Pressure very gradually raised to 30 atmospheres, with the following 
results ; — 


Time. 


11 a.m. 


Pressure : | 

Atmospheres. | 

Bridge-reading. 

Conductivity. 

10 

34-13 ' 

86-6 

11 

35-26 

90-0 

12 

36-9 

92-6 

13 1 

36-45 

94-8 

14 

36-95 1 

96-9 

15 

37-36 ' 

98-6 

16 

37-9 , 

100-9 

17 

38-2 ' 

102-3 

18 

39 (about) , 

, , 



Stubbs. — Conductivity of Aqueou!^ SoJut 207 is of Carhon-dioxide. 21 

Hydrate not yet foiinod. Between 11 a.m. and 12.25 p.m. temperature 
kept at 0°. At 12.25 p.m. the followiiit* reading was obtained 


Time. 

Piehsuie ; 
Afcmo.sph(*ies. 

Bridge-i ottd 

t^ondiidivil V. 

12.25 p.m. 1 

J8 

34*8 


J2-35 p.m. 


34-7 


1245 p.m. 


34-6 


12-55 p.m. 


31-55 


1 p.m. 


34-J 


4.15 p.m. 


34-25 

, , 

10.45 p.m. 


34-2 

85-9 

During the formation of the hydrate the pressure remained constant. 

Time. 

Pressure : 
Atmosj)hei*es. 

Biidfife-readini*, 

Coiidiiotiviiv . 


19 

31-2 

85-9 


20 

33-9 

84-8 


21 

33-8 

84-4 


23 

33-9 

84-8 


25 

33-2 

82*1 


30 

32-96 

81-2 


B, Pressuj'e released from 30 to 25 atmospheres, temperature being kept 
low. A series of determinations of the condii(*tivity with vaiying tem- 
peratures, at the constant pressuj'e of 25 atmospheres. The hydrate decom- 
posed between 4° and 10°, and was not re-formed when the temperature 
was lowered. 

C. Temperature having been kept some hours at 0°, and hydrate ap- 
parently re-formed, the following series of readings was made (pressure - 
25 atmospheres) : — 


TemporatuiHs 

Bridge-reading. j 

(Joiuluetivity. 

0° 

33-2 ' 

82-8 

4° 

40*15 ' 

111*8 

5° 

42-1 1 

121-2 

6° 

48-7 1 

129-3 

r 

46-5 1 

139-1 

8° 

47-56 1 

151-0 

r 

48-66 

157-1 

13®* 

60-9 1 

I 172-7 

18° 

1 

185-3 


* Previously doterminod. 
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Each degree makes an average increase of 8*5 x 10 in the (*ond activity, 
till at about 8-2° a sudden break m the conduc tivity curve lakes place, 
presumably due to all the hydrate having been decomposcHl. Tlierealtor 
the effect of raising the tempciature is much less, on <ni average about 
4 X 10 ohms per degree. 

D, Pressure = 25 atmospheres. Readings witij (les<'onding tem})(Ma- 
tiires : — 


Tenix>eiatuie. 

Bridge-leading. 

Conduciivily 


1 

46-7 

146-0 


42*7 

J24-2 


41-05 

1160 

2^ 

37-35 

99-3 

V 

35-75 

02-7 

if 


85-8 

V 

32-0 

78-4 

The hydrate formed suddenly at about 2*1° C. 



E. Pressure released fium 25 to 20 atmospheres, and a complete and 
consecutive series of determinations similar to the last made, using both 
ascending and descending temperatures. The hydrate which had been 
formed at 25 atmospheres was kept in existence by keeping the tempera- 
ture low. The follovdng results were obtained (pressure - 20 atmo- 
spheres) : — 


Temperature. 

1 Bridge-reading. , 

1 i 

( Conductivity 

0*^ 

31-2 

75-5 

V 

32-35 

79-7 

2° 

33-73 

1 84-8 

4^ 

36-5 

95-7 

5^ 

37-93 

' 101-9 

(rr.) .. 

38-8 

1 105-6 

6= 

42-7 

1 124-2 

7= 

44-2 

131-9 

8° 

46-5 

144-7 

r 

47-2 

148-9 

ir 

48-8 

158-8 


8" 

46-4 

. 144-2 

5^ 

43-6 , 

128-8 

3° 

41-75 1 

119-3 

2^ 

40-8 

114-8 

1^ 

39-8 

110-1 

(k) .. 

38-76 

105-4 

O'* 

33-95 

85-7 
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{c,) Tho temporature was now raised a^ain. 


Tcm})eidluro. 




. ^ 
4-' 



112-1 

5" 

41-8 


1194) 

6° 

4;i-2 

1 

126-7 

8^ 

46-5 

1 

144-7 


The conductivity increased i*e^ularly witli the temperature up to about 
5J°, when a remarkable variation made itself manifcbt. Tho conduelivily 
first went down, and then suddenly rose, to the extent of over 2 cm. in tlie 
bridge-reading. This was repeated several times, the fiuctuations gradu- 
ally diminishing, Ihe conductivity eventually assuming a constant value, 
much higher than would have lieeii assumed if following the same law ol 
variation as from to This is shown in a grapli by a vertical line 
at (During the fiuctuations referred to the sound in the telephone 

was most interesting ; the d(‘(*rease in bridge-reading was fairly slow and 
uniform, but the increase was instantaneous, the telephone sudd(Mily sound- 
ing a very loud note, and requiiing the sliding contact to be moved a good 
deal higher before again being (|uict.) 

During the decomposition of the hydrate the indicated gauge-pressui‘e 
rose by half an atmosphere. This is explained by the fiict that the hydrate 
was formed at a higher pressure (25 atmospheres), and when it decomposed 
would yield an excess of COg. 

From to 8° the conductivity continued to increase much in the same 
way as before, but then a break occurred, the conductivity thereafter in- 
creasing considerably more slowly with the temperature. 

In lowering the temperature from 11° to 0° the conductivity obeyed 
the latter law of variation. It was therefore assumed that the solution 
remained as such, no change to hydrate form, with the corresponding pheno- 
mena, having taken place. 

At (b), about 0°, the conductivity suddenly began to fall at an abnormal 
rate, eventually assuming the value given for 0°. This was taken to indi- 
cate that tlie formation of the hydrate had taken place. 

The remaining part of the experiment (from c) was (*onductod several 
hours later. The pressure was in the meantime 20^* atmospheres, not 
having been relieved after the evolution of the excess of COg. This will 
doubtless explain why the conductivity from to 8° was in this case 
slightly greater than in the former part of tho experiment. 

It was found here that there was no definite and sudden rise of con- 
ductivity, as there had been before. The graph of the conductivity is a 
continuous curve, almost a straight line, merging at 8° into the ordinar}"- 
solution conductivity gi’aph. Thus it seems that the abrupt change is 
characteristic only of those conditions under which a kiiid of stress exists 
in the hydrate, owing to its having been formed at a higher pressure than 
exists when it is about to decompose. 

F. Temperature lowered to 0° ; and, after bridge-reading had indi- 
cated formation of hydrate, pressure lowered to 15 atmospheres. Thus 
there would be in existence at 16 atmospheres a hydrate formed at 
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50 atmospheres, and the conditions would be similar to tlK)S(‘ ol the 
lu&t experiment. The values of the conductivity an* i-iy(Mt helow, futfln'r 
explanation being unnei essaiy, the bch.iviouT b('ins> <(uitc‘ sitnilav to that 


under expciimont E. 
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0° 

33*2 
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00 
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3° 

37*2 

98-7 

4 .^ »•« 

39*9 

110-C 

6 ° 

43*9 

l.'JO-S 

8° 

45*3 

137-i) 


in thib case the decomposition of the hy(hat(‘ took pUee at 3®, Ixniif* accon\j>anu‘d 
h\ the ^me phenomena of flnctation, A:c., as m ihe last experiment, l)ut on a sinallin 
scale. Theie was aLo a second bieak at about 6®, the conducts Ky lhei(‘alt(‘r \arMni» 
much less with temperature. 

CONC^LUSIONS. 

1. At botb 0° and 18^ solutions of COj in w.itcr arc fcebl}" ionized (aliout^ 
T in the case of a ]L solution at 18°); the conductivity incrcasos wilh 
the pressure or concentration of OOg fi*om 1 to 30 atniosphoies, the propor- 
tional increase, however, becoming less the greater the coueen tuition. Tlius 
at 0° the conductmty at atmospheres is about double, at 14 atmo- 
spheres about treble, and at 30 atmospheres less than quadruple its value 
at 1 atmosphere pressure. 

This behaviour disproves the statement ascribed to Pfeiffer, that change 
of pressure produces no alteration in the conductivity.” 

2. Temperature has a large efiect on the conductivitj", whi(*h at 8° to 9° 
is increased per degree by about 2*0 per cent, of itself. 

3. After a COo solution under high pressure has been kept for a few 
days there is a teudency for the solution to acquire a kind of chemical fixity 
or supersaturation, as shown by an increased value of the conductivity. 
Pi'obably the COg enters slowly into combination with water, the compound 
in its turn being only slowly decomposed. 

4. A compound of OO 2 with water is formed under veiy varying (*on- 
ditions at low temperatures and high pressures. 

(ff.) The conductivity of the hydrate-bearing solution is considerably 
less than that of the free solution under similar conditions. 

(h,) It crystallizes out with difficulty, there bemg a great tendency to 
a state in the solution resembling supersaturation with respect to the 
hydrate. 

On one occasion the pressure was raised to 30 atmospheres and reduced 
again to between 25 and 20 atmospheres before the hydrate would form ; 
on another it was formed in an apparently arbitrary way after the pressure 
had been for some time at 18 atmospheres ; it was also formed at 16 atmo- 
spheres, and on another occasion could not be induced to form at all. 

This tendency to supersaturation, and the element of chance consequent 
upon it, probably explains Wroblewski’s varying observations, giving 
12*3 atmospheres in .one place and 16 atmospheres in another as the pressure 
.under which the hydrate formed at 0\ 
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{c.) The conductivity of the hydra to-bcai*inj> solution, as has bc(‘]i stated, 
is less than that of the correspondiiif* liee solution, hut it increases nioie 
rapidly than that solution in conductivity as the temperature is incri'ased, 
eventually becoming equal to it in conductivity at some definite temperatuie 
(varying in the experiments performed from about 6' at 15 atmospluMUvs 
to 8^ at 25 atmospheres pressure). Henceforward the condiudivity follows 
the cojiductivity-temperature law of the ordinary solution. 

TJie similarity between the curve which expi esses this behaviour and 
the vapour-prcbsure curves ol ice and water intersecting at the transition- 
point is suggestive. Just as water can be supercooled, and its vapour- 
pressure curve produced below 0°, so the CO 2 solution seems capable of 
supercooling and the solution temperature-conductivity curv^c can be pro- 
duced below the tme transition-point. 

(d.) As far as such evidence as was obtained can be relied on, in con- 
formity with the statements in (b) above, the crystallization-point seems 
to occur at a lower tempeiature the lower the pressure: thus, at 25 atmo- 
spheres the formation of the liydrate took place at 2°, at 20 atmospheres 
pressure at 0°. 

(c.) A hydrate formed at one prossun' can be preserved at a lower pies- 
sure if the temperature be kept low ; but wbou it molts, which it does at a 
definite temperature, it does so completely and rapidly, causing a sudden 
rise in the conductivity and increase in the pressure, due to evolution of 
the extra CO 2 held. The melting-point rises in such cases with increase 
of concentration : thus, th(» hydrate formed at 20 atmospheres and decom- 
posed at 15 atmospheres melted at 3®, while that formed at 26 atmospheres 
and decomposed at 20 atmospheres melted at 5|®. This behaviour agrees 
fairly well with the observations of Hempel and Seidel, who found that the 
hydrate formed by them at a very high pressure — ?>., the vapour-pressure 
of liquid COg — melted under this pressure at 8° and under atmospheri(‘ pr(\s- 
sure at —2°. 

(/.) At O'' C. the hydrate is decomposed at between 8 and 10 atmosphen's 
pressure. 

(q.) Wroblewski's statement that the hydrate is “ capable ot existing 
under certain pressures, increasing with the temperature,” is inaccurate, 
as the hydrate has been tormed or kept in existenc'C at 0° under pressures 
vaiying from 9 or 10 to 30 atmospheres. Tliere is apparently a lower 
pressure-limit, but not a higher. 

(//.) It seems certain from the fa(ds meiitioiieil in (c) that tin* composi- 
tion of what has been styled “ llie hydrate” varies. There was no m<*ans 
of determining, however, whether more than one hydrate was form<‘d. 
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Art. T. — Oil the Velocity o] Evolution of Oxi/ijen from Bleachinq-'powder 

Solutions in Presence of Cobalt-nitrate^ and the Modifications produced 

by the Addition of various Compounds, 

By N. M. Bell, M.A., Canterbuiy College. 

{^ReaA btfore the Philosophical Institute of Caiiterhu) y, 2iid November ^ IQIG."] 

In each experiment measmements of two kinds were made : — 

1. The evolved oxygen was collected in a burette and the volume read 
at definite intervals. 

2. The evolved oxygen was calculated by titrating the bleaching-powder 
with ^ arsenious acid before and after the experiment. The results of 
the two methods agreed well. 

The concentrations obtained from the two titrations inserted in the 
equation for a mono-molecular reaction gave the velocity. 

The reactions were carried out in a 100 c.c. glass flask, the rubber stopper 
of which carried a short wide tube, conical at its lower part, and closed near 
the bottom by a glass-rod stopper ground in. This rod stopper passed 
through and was connected by a rubber-tube joint with a short glass guide- 
tube carried by a cork at upper end of the outer glass tube. The accom- 
panying diagram shows the complete apparatus. 



The evolved gas was carried ofl by a narrow glass tube over a metre 
long, arranged to condense and carry back into the flask any water-vapour 
formed. The flask was charged w’ith 25 c.c*. of bleaching-powder solution, 


— Oxyffen from Bledchuu/ 'powder Fiohttion^. 27 

unfiltered, and coutainuig 16 grammes per litre. The stoppered tul)e earned 
5 c.c. cobalt-nitrate solution, 0*005 N to 0*(X)125 N, and in the first series 
of cxperimciiis 5 c.c. of water, in the second series 5 c.c. of the compound 
under examination. The flask and wide tube were immersed in a larg(^ 
thermostat with regulator and ccntrilugal stirr(n*. When the tomperiituiH^ 
became uniform the rod stopper was raised aiid the catalytic aj^enl run in. 
Each expei’iment in the first series lasted about forty minutes. Somewhat 
over 400 experiments were carried out, apart from all preliminary work. 

Part I. 

Specimen Experiment : Measurement oj Gaseous Oxipjen evolved. 


Taken, 25 c.c. bleaching-powder solution, turbid, 32 grammes per litre : 
5 c.c. cobalt-nitrate, 0*00125 N ; 5 c.c. water. 


Time in 
Minutes. 

Cubic 

Centimetres 1 
of ()x\t»eii. 1 

Volume^ 

[ Time 

Tem])eratur(‘. | 

Bui(*il(s 1 Thermostat. 

Baio meter. 

4 

3-1 

0*73 

10*1' 

78-3= 

761 

8 

5*9 

()-67 

30* r 

i 78-3 

761 

12 

8*0 

049 

10* P 

78*3 

761 

16 

9*4 

0*33 

lo-o 

1 78-3' 

761 

20 

10*8 

0*33 

10-0 

78-:5" 

761 

24 

12*0 I 

, 0*28 

9-9' 

' 78-3 

761 

28 

12*9 

0*21 

9*9^ 

1 78*3 1 

761 

32 

1 13*8 1 

1 0*21 

9*9- 

, 78*3 ' 

761 

36 

1 1 

0*14 

9*9' 

78*3 

761 

40 

1 15*2 I 

1 

0*19 

9*9’ 

1 78*3' , 

i ' 

761 


Summary oj Results with Bleachimj-powder and Cobalt’ihitrate. 

1. The velocity is proportional to the concentration of the (*obalt 
solution. 

2. The measurable velocity proceeds as for a uuimolocular reaction. 

3. Increase of temperature increases the velocity. A rise of 10 
almost triples the initial velocity. 

4. Keversing the order of addition of the components alters the reaction- 
velocity. 

5. Shaking alters tlie reaction- velocity. 

The velocity varied slightly with different batches of solution. 

For a solution containing 25 c.c. blcachiiig-pow'der solution, 16 grammes 
per litre ; 5 c.c. cobalt - nitrate solution, 0*0025 N ; and 5 c.c. water, 
K = 0*01993 (c.c. 0 per minute). 


Part II. 

In this pait various additions were made to the cobalt-nitrate solution, 
and their effect on the reaction-velocity determined. A bleaching-powder 
solution refiltored after twenty-four houis, of which 10 c.c. == 17*5 c.c. 
arsenious acid was used, and was found to keep for weeks without change in 
titration-value, although the reaction-velocity diminished very slightly. 
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lOc.c. bleaching-powder solution; 5c.c. cobalt-nitrate, 0*000156 N; 
and 5 c.c. aqueous solution of the compound investigated. 

The experiments in most cases lasted twenty minutes. Twenty-seven 
compounds, including acids, alkalies, oxidizing and reducing agents, and 
salts, were tried. 


Sdmaiary of Eesults. 

1. Acids accelerate the evolution of oxygen, and this effect is proportional 
to the concentration of the hydrogen ion. 

Example ; 5 c.c. of 0*02 N hydrochloric acid added to the cobalt-nitrate 
solution doubled the velocity (from K = 0*0063 to K = 0*0141), In case 
of oxalic acid, 5 c.c. of 0*01 N acid had a slight retarding effect, whereas 
5 c.c. of 0*02 N acid doubled the velocity as with other acids. This sug- 
gests some changes in the oxalic acid at great dilution. 

2. Alkalies retard. The action is proportional to the concentration of 
the hydroxyl ions, and is forty times as great as that of the acids. 5 c.c. of 
O-00O5 N alkali halves the velocity. 

3. Salts of the alkalies were practically without effect, even in relatively 
strong solutions — 5 c.c. of N potassium-chloride had no very appreci- 
able effect. 

4. Salts of the heavy metals either accelerate or retard. 

5. Copper-sulphate accelerates greatly. 5 c.c. of N copper-sulphate 
evolves chlorine plentifully, 5 c.c. of 0*001 N solution doubles the velocity. 

5. Eeagents such as sodium-sulphide, which, like the alkalies, preci- 
pitate the cobalt, retard the evolution of oxygen. 

6. Oxidizing jagents, such as fenic chloride and potassium-dichromate, 
gave no uniformity of action ; their effects, also, were not proportional to 
their concentrations. 

7. Nickel and iron salts are similar in their action on bleaching-powder 
to cobalt-salts, the effect of nickel being about equal to that of cobalt, while 
iron has only about 1^ per cent, of the effect of cobalt. 

8. It is impossible to judge from the chemical analogues of a particular 
metal whether it will accelerate or retard the cobalt reaction. 

No record of pre^uous quantitative work bearing on this subject could 
be found in the “ Journal of the Chemical Society,” ** Comptes Eendus,” 

Zeitschrift fiir Physikalische Chemie,” and “ Journal of Physical 
Chemistry.'*' 
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Art. VI. — Depression oj the Freezing-point of Water by Oarhon- dioxide 

in Solution. 

By F. D. Farrow, M.Sc., Cantorbury (^ollego. 

\lifad bffote flu Vlulosophunl Jn^titutf of Cftnifftmup ?wr/ Noumbn^ 

Tfiis paper contains a brief acc'ouni of tlio results ol isvo series of experi- 
ments on the freezing-point of water containing carbon-dioxide in solution. 
The only work done in the same direction previously appears to be that 
of G-arelli and Falciola.* 

In the experiments now described the h*eezing was carried out in the 
thick glass tube A of the diagram, 28 mm. external diameter, widened 

slightly at the top. and 
.''ealod into the brass 
head B by means ol a 
linen “tape collar and 
mariiK^ glue. B was con- 
nected by a (‘opper tube 
D with the brass chamber 
E, and so with the ]>res- 
sure-gauge P, the carbon- 
dioxide bomb, the atmo- 
sphere through II, and 
an open mercury mano- 
meter M through the 
needle valve N [not 
shown in figure]. 

The water in A was 
stiri-ed by a silver- wire 
stirrer soldered to a short 
cylinder of shoot iron 
22 X 20 mm., which, 
after silver-plating, was 
<*overed with cycle- 
euamel and baked. This 
stirrer - ring enclosed 
the thermometer, and 
was raised and dropped 
by an intermittent cur- 
rent flowing in a coil of 
No. 18 copper wire, in 
15 layers of 41 turns each, 
fitting loosely round the 
top of the glass freezing- 
tube. The current, 2-3 
amperes, was adjusted 

by a rheostat, and made and broken (flowing about one-third of the time) 
by a wire dipping into a mercury-cup, and attached to a pendulum making 
32 swings per minute. 



75 needh va.2^€, 
h^d-raaZ: 
often mercor^ 


Half seeZZon 
of freeyn^ fvie. 


* AttL R. Aooad. Lincei, 1904 (v), 13, X, 110-18. Abstract m Journ. (hom. Soc., 
1904, vol. 86, ii, p. 312. 
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The temperature of tube and contents was controlled by a weak 
and-salt solution in a felt-tovcred glass jar. The Beckmann thermometer 
was fitted by a stretched rubber covering-tube into a tapered hole, 13-15 mm. 
diameter, in a circular brass cap C, 62 mm. diameter, having a s<iuaTe top 
and screwing into a female screw on the head B, provid<‘d also with a rt'cess 
containmg a lead washer engaging with the flang(» projot ting from the top 
of B. 

The zero-point of the thermometer was found by inserting the bulb 
in distilled water contained in an ice sheath prepared by freezing distilled 
water round a Jena-glass tube and releasing the latter by warm water. A 
normal thermometer reading to 0*02° C., and known to be without appre- 
ciable error throughout the range employed, was treated similarly, and the 
two carefully compared up to about o° C. in a continuously stiiTed water- 
bath of rising temperature. 

The pressure-effect on the thermometer was considerable, ajid for the 
first thermometer used was not satisfactorily found, owing to its accidental 
destruction. Hence the first series of twenty experiments, otherwise per- 
haps the best, are not given here. For the second thermometer the pressure- 
effect was determined by filling the expeiimental tube with mercury, raising 
the pressure to the maximum, and taking simultaneous readings on tliej'mo- 
meter and manometer as the pressure was progressively reduced. The curve 
plotted from the results is nearly a straight line. It is assumed that this 
line can be continued backwards to a point of no pressure. 

On setting up the apparatus all air was driven out of the connecting 
tubes by a stream of carbon-dioxide, and out of the freezing-tube by satu- 
rating the contained water at 80 lb. pressure and removing the pressure. 
The gas evolved from the water in four or five such operations completely 
expeUed the last traces of air. In each experiment, to insure saturation, 
the freezing-tube A was surrounded by ice-water, and the contained water 
stirred continuously some 15 to 30 minutes at a pressure about 10 lb. above 
that at which readings were to be taken. The gas was then allowed to 
escape until bubbles were evolved from the water. When, under continuous 
stirring, the manometer no longer rose, owing to gas evolved from solution, 
the temperature was reduced by a freezing-bath some 5° to 7° below final 
freezing-point. The formation ot ice (in flakes throughout the solution) 
was followed by a sudden change in the click of the stiiTer and by a rapid 
rise in the Beckmann thermometer. With the first thermometer used the 
temperature usually came to a final steady value, while the pressure slowly 
rose after freezing had progressed a little, owing to the gas frozen out of 
solution. 

In the experiments taken as trustworthy the rise of pressure during 
freezing never amounts to more than 1 cm. of mercury. The pressure used 
in calculation is that shown during the steady period of thermometer, or an 
average of the pressures recorded if they varied for that period. 

Series A, with Orioinal Thermometer (20 Experiments). 

Results are of qualitative value only, as. owing to an explosion, the 
pressure-effect on thermometer was not accurately determined. 

Details of one complete experiment are given "to show the method em- 
ployed throughout the work. In Series B and Series C tables of con-ected 
results only are given. 
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Freezing-point No, 2, Series A, 

The Jxeezini>-tube surrounded with ice, and stirred under a slight excess 
of pressure for 15 minutes. Pressure then released by opening H. 0-as 
given off from the water showing solution to be saturated. KStimng con- 
tinued for 10 minutes, when rise of manometer no longer evident, and 
then cooling-bath brought under. Thermometer-readings every 15 seconds. 
iStiiTcr in motion throughout. 


'Phermo- 

meter. 

Manometer. 

a. b. 

Pressure : 
b-^^a 

Thermo - 
met Cl . 

Manometer. 

a. b. 

Prebsurc 

b’—a 

0*665 

214 

621 

407 

0*632 




0*540 

• • 



0*634 


. . 

, , 

0*459 

1 



0*637 



. , 

0-421* 

215 

ek 

406 

0*638 

212 

623 

411 

0*460 

1 


1 

, 0*639 




0*530 

1 

, , 


0*639 



. , 

0*565 

1 


1 

1 

0*639 

2i2 

623 

411 

0-590 

213 ' 

622 

409 

0*639 


, , 


0-G09 

, , 



0*639 i 

1 

. , 


0-617 

1 



0*639 



. , 

0-621 

0-C29 

2i3 1 

m 

4io 

0*639 

2i2 

6^3 

411t 


* Freezing began at this point by formation of ice in flakes, 
t After 3 minutes'’ stirring the temperature was again read. Two successive readings 
oi 0*639 were obtained. 


Atmospheric pressure . . . . . . . . 763 mm. 

COg pressure . . . . . . . . . . 411 mm. 


Total . . . . . . . . 1174 mm. 

Atmospheric temperature . . . . . . 10° C. 

Pressure corrected for room-temperature .. 1172 mm. 

Freezing-point . . . . . . . . 0*639 

CoiTcction of tliermometer for pressure . . . . 0*222 

Corrected freezing-point . . . . . . 0*417 

Thermometer zero , . . . . . . . 0*586 

Depression in degrees Beckmann . . . . 0*169 

Depression in degrees Cent. . . . . . . 0*156 

Depression calculated , . . . . . . . 0* 142 


Series B, with New Thermometer (19 Experiments). 

Tliis thermometer being rather short, the top of bulb came within 5 mm. 
of the lower plane of the stirrer-solenoid, while the water of the freezing- 
tube came up to this plane and was subject to some heating from the coil. 
The freezing-points were, in consequence, less definite than in Series A, 
the heating due to the stirrer-coil keeping the upper part of water always 
free from ice, and the temperature always showing a tendency to creep up. 

Nineteen experiments were made, with total pressure ranging fi‘om 
3277 mm. to 1432 mm. of mercury. 



32 


Tra7i9acfio?7 9. 


Table of Tiesults. Series B, with Stirring, 


Total PiChsure of Carbon- 
dioxide in IVlillimetres 
of Mercur^^ coi reeled toi 
Room-temperatuie. 

1432 



Observed Deiu'cssioii 
Calculated Depiession 

0-88 

1563 

, . 


. . 

1622 



0-70 

1681 



0-70 

1688 



0-84 

1822 



0-87 

1897 



0-85 

2185 



0-88 

2189 



0-76 

2198 



0-79 

2218 



0-87 

2290 



0*76 

2342 



0-76 

2423 



0-92 

2670 



M4 

2792 



0-90 

2794 



1-13 

2831 



1-01 

3271 



M6 


The results, on the whole, show that the depression of the freezing- 
point for a stirred solution is about that which would be expected were all 
the dissolved gas present as carbon-dioxide molecules, and that at the 
higher concentrations a measurable amount of dissociation takes place. 

Series C. 

To avoid heating by the coil, now recognized as a disturbing factor, 
the latter was removed after saturation and the experiment was con- 
tinued without further stirring. In all the experiments of this series (13) 
little gas was given off during freezing, even when this was complete. When 
the freezing-bath was removed gas was given off copiously from the solid 
ice, which appeared either to hold the gas in a solid solution or to be asso- 
ciated with a solid hydrate which decomposes on melting. 


Table of Results^ Series C, without Stirri)^, 


Total Pressure of ( 'arbon- 
dioxifle in ilillimcties 
of Mercury, corrected foi 
Boom-temperature. 
752 
762 
1853 
1979 
2017 
2195 
2300 
2320 
2337 
2412 
2645 


Observed Depieshioii 
Calculated Depression 

1-19 

1-05 

1-05 

1-32 

1-29 

1-21 

1-25 

1*07 

1-25 

MO 

1-09 


1-29 


1-32 


I 


2965 
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CoNC’LCTStONS. 

The results seem to indicate- - 

(1.) That for a solution which is stirred while freezing the coefficient (i) 
Ls less than 1 for tbe lower pressures, and, increasing with rise of pressure, 
becomes greater than 1 at the higher pressures. 

(2.) That for solutions not stirred the coefficient is always greater than 
1, and increases with increasing pressure. 

The only quantitative result found amongst earlier work is given by 
Garelli. He found that 0-35 grammes carboti -dioxide per 100 grammes 
water gave a depression of 0-165^^ C. The author’s value for the depression 
at this concentration is 0*160° C., which agrees fairly well with that of 
Gai elli. 


Art. VII . — On the Rate oj Oxidation of Acetaldehijde to Acetic Acid. 

By D. B. Mac^leod, M.A., Canterbury College. 

[Read before the Philosophical Institute of Canfeibury^ 2nd November^ 1910. | 

Introbuction. 

In the 1894 number of the “ Philosophical Magazine ” an account is given 
of some experiments made by Dr. T. Ewan on the rate of oiddation of 
acetaldehyde to acetic acid, and the conclusion he comes to from his experi- 
ments is that aldehyde is oxidized to acetic acid in the vaporous state 
at a rate proportional to the concentration or pressure of the aldehyde 
and to the square root of the oxygen-pressure This, however, did not 
seem to apply when the pressure of oxygen was above 450 mm. of mercury 
with the temperature at 20° C. In fact, ho was unable to obtain any 
evidence of action with an oxygen - pressure of 599 mm. even when the 
temperature was 21*4° C. 

The peculiarity of this sudden cessation of action, and the small number 
of the experiments of Dr. Ewan which are described, seemed to me to call 
for more experiments, as he himself says, to clear up this interesting be- 
haviour. No record of the work having been continued either by himself 
or others could be found in the Journal of the Chemical Society,"’ the 
“ Philosophical Magazine,” the “ Transactions of the Eoyal Society,” the 
“ Journal of Physical Chemistry,” or the American Journal of Science.” 

Descrifhon of Apparatus. 

The apparatus used was in principle the same as that of Dr. Ewan, 
though with a few modifications, and is shown in the figure on the next 
page. 

In Dr. Ewan’s form of apparatus the mixture of aldehyde and oxygon 
was left in contact with the mercury, thus necessitating the use of brom- 
naphthaleno to protect it, and also resulting in the volume of the reaction* 
vessel changing as the pressure decreased, the mercury altering its position 
2— Trans. 



34 


TransaeUons. 


unless constantly rectified. Both, of these difficulties were ovor(*omo hv 
using a tap K, by means of which the mercury was shut off from c‘outact 
with the aldehyde and oxygen, except for a few secojids while a reading 
was being taken. The tap K was a three-way tap the oth(*L* limb con- 
necting with the air. 

The volume of the reaction-vessel thus remained conslant, and tlu‘ 
reaction could be allowed to proceed an indefinite time without furllKu* 
attention. The readings were always taken with the mercury just up to 
the tap. The tap used was of the Geissler form, this form being the best 
able to prevent leakage. 



A*[second modification was made bv putting an ordinary three-way tap 
at D.* This was useful for several reasons. At the end of each experiment 
the whole of the hydrate solution was allowed to run in through the tap B. 
The three-way tap D could be so turned as to prevent the hydrate running 
along to the tap K, and so on to the mercury. The aldehyde' was contained 
in a vessel C, with a tap G'. B is a single tap through which the oxygen 
was introduced. H is a mercury seal covering the junction of the pipette 
J with the mercury manometer. Gr is a trap to prevent air reaching the 
apparatus, if any should happen to leak through the indiarubber tubing. 
E is a barometer-tube, the lower constricted part of which dips under the 
mercury in L. The vessel L and the barometer-tube E could be moved 
up and down. The pressure in the vessel was thus obtained by reading 
the difierence in height between K and E. 
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Method of Pboceduke. 

[n each experiment the mercury was first brought up to the tap K, the 
limb opening to the air being free. The tap was then closed, and the 
barometer and vessel lowered until the mercury m the barometer-tube 
was below the level of the tap K. The liquid aldehyde was then intro- 
duced into the vessel C, and the tap closed from the apparatus. The 
tube M was then connected with a vacuum piunp, and with the tap D turned 
to connect all the ways with B the whole was evacuated. The tap B was 
then closed, and K turned to connect the mercury with the apparatus. 
Aldehyde was then allowed to distil into the reaction-vessel, which it did 
very readily, the mercury all the time being kept as near to K as possible. 
The vessel was then evacmated again, and this repeated three or four times, 
so as to completely replace the air by aldehyde. The final pressure of the 
aldehyde was taken, and the tap D turned so as to disconnect the right- 
hand part of the vessel, the reaction-vessel being only connected with the 
c.ipillary tubing DLK The tap K was also closed. The capillary tubing 
DBM was then evacuated by means of the pump, and the tap B closed. 
M was then connected with a tube delivenng pure oxygen dried over 
calcium-chloride. If the total pressure in the reaction-vessel was not re- 
quired to be more than atmospheric pressure, the tap D was opened so as to 
connect all three ways, and, as soon as the oxygen had entered, the tap D 
was again turned, so as only to connect the tube DNK with the reaction- 
vessel, and the pressure read off. The tubing DB thus did not form part 
of the reaction-vessel. 

If the pressure in the reaction-vessel was required to be greater than 
atmospheric pressure, the tap D was first turned so as to connect the tube 
DNK with the tube DB and disconnect the vessel A containing aldehyde. 
The mercury L was then lowered and the tap K turned. Oxygon was thus 
drawn over into the pipette J without aldehyde. The tap D was then 
turned to connect the vessel A with the pipette J, and the mercury head 
raised, driving the oxygen back into the reaction-vessel A. In this way 
any pressure obtainable on the gauge could be obtained in the reaction- 
vessel. The volume, also, not at the temperature of the bath was only that 
of the capillary tubing DNK. 

At the end of each experiment the capillary tubing BD was fimt 
evacuated, and tlie tap B closed. Sodium-hydrate solution of known 
specific gravity was then allowed to fill the capillary tube. The vessel 
containing the hydrate was then weighed and again placed under B, the 
taps B and D being turned so as to let the hydrate into the reaction- vessel. 
The beaker containing the hydrate was again weighed, and the loss was 
that due to the hydrate drawn in. In this way the capillary tubing BD 
was filled with hydrate before both the first and second weighing, and hence 
introduced no error. 

In the case where the final pressure in the reaction-vessel was greater 
thau atmospheric pressure, the pressure was diminished by lowering the 
mercury head, and drawing some of the gas over into the pipette J, and 
finally driving it back when the hydrate had been introduced. The hydrate 
in a few minutes polymerized the whole of the aldehyde remaining, as the 
pressure soon became constant. Allowance had to be made for the vapour- 
pressure of the hydrate let in in determining the final pressure of oxygen. 

When the whole of the aldehyde had been polymerized, the tap D was 
turned to disconnect DB, and a portion of the remaining oxygen and 
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nitrogen was drawn over into the pipette J by lowering the head and trans- 
ferred into burette, and analyzed with alkaline pyro-solution in a Hcinpol 
pipette, to obtain the percentage of nitrogen present. 

From the weight of hydrate drawn in, and the change of pressure after 
the hydrate had been let in, the quantities of aldehyde and oxygon at th(‘ 
end of the experiment could be calculated. 

The volumes of the reaction-vessels used were between 90 and 100 enl)io 
centimetres. 

Importance of cleaning the Eeaction- vessel. 

Mention is made by Dr. Ewan of the fact that it seems to be of some 
importance to keep the apparatus as clean as possible. This was found 
to be of the utmost importance. The chief difficulty experienced -vvith these 
experiments was that the aldehyde tended to decrease faster than it should, 
according to the equation 

2C2H4O -f 0 = 2C2H,02, 

this being due, no doubt, to polymerization taking place. Aldehyde poly- 
merizes readily in the presence of mineral acids, bases, and many salts, 
especially sodium-acetate, so that it is of the utmost importance that these 
should be absent. No reliable correction can be made for polymerization, 
and any experiment in which it was marked had to be rejected as practically 
worthless. At the same time, the presence of the polymeric form seemed 
to have a distinct retarding efiect on the action, as will be shown later. For 
this reason, and to make* the conditions strictly comparable, the reaction- 
vessel and the whole of the capillary tubing and vessel containing the 
aldehyde were invariably left to stand at least twelve hours, filled with a 
solution of potassium-permanganate and hydrochloric acid. The manganese- 
dioxide was removed by oxalic acid, and everything washed out with dis- 
tilled water with the utmost care, and dried in a current of hot air. 

Correction for Aldehyde dissolved in the Acid formed. 

By means of a factor i', calculated from the excessive decrease of 
aldehyde as deter min ed at the end of the experiment, on the assumption 
that this decrease is due to the aldehyde being dissolved in acetic a(*id 
according to Henry’s law, Dr. Ewan has attempted to make correction for 
this error. The value of this correction seems to me to be doubtful. In 
the first place, the value of V for any one temperature should be constant, 
whereas the value of ¥ varies from 0*00103 to 0*002873 — ^that is, it is in one 
case almost three times as great as in another — while the temperature has 
only varied from 20*2° C. to 20*6° C. Further, this value of fc' at 20-8° 0. is 
0*001767, or almost twice as great as at 20*6° C. This in itself is sufficient 
to show that Dr. Ewan’s constant is a very uncertain factor. There can 
be little doubt that where the value of Y is at all great some of the decrease 
in the aldehyde has been due to polymerization. 

Further, it is extremely unlikely that when such a vapour as that of 
aldehyde, so near its condensing-point, had once dissolved in the acetic 
acid under the fairly large pressures at the beginning of the experiment 
it would vaporize again as the pressure decreased. 

In any case, in most of the experiments, the error due to the dissolving 
of aldehyde by acetic acid is small, because the quantity of acid formed 
is small, and the surface exposed is also small, as the acetic acid runs 
down into the drawn-off part of the pipette. In those cases in which 
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the aldehyde showed a decided decrease in excess of the oxygen it was 
assumed that polymerization had taken place, probably on account of 
traces of impurity in the vessel, and the experiment repeated The term fc' 
was therefore neglected, thus greatly simplifying tlie equation, and introduc- 
ing no great error. The work of calculating the results when V is in- 
clud(‘d is (‘xtremely laborious, and little is illustrated when once the 
principle of the action has been determined. The greatest error duo to this 
will probably be noticed most in the final values of the constant, because 
thc^re the pressure of the aldehyde is small, and an error of 4 or 5 mm. will 
be most felt. 


General Discussion op the Equation used. 

The equation for the direct oxidation of the aldehyde to acetic acid 
can bo written either as 

+ 0, = 2 C 2 H, 02 , or 

C^H.O + 0 = C^H.Os, 

in the second case the assumption being that the action goes on between 
the oxygen atoms and the aldehyde molecules. 

If the first equation were the correct representation, the action should 
proceed at a rate proportional to the square of the concentration of the 
aldeh 3 ’'de and to the pressiure of the oxygen. The second equation suggests 
that the action proceeds at a rate proportional to the concentration of the 
aldehyde and to the oxygen atoms. 

Everything points to the second equation being the correct one. The 
values of K' worked out by this equation give, on the whole, good results, 
and although there seems to be disquieting differences between some experi- 
ments carried out under apparently the same conditions, yet this is probably 
due to there being some catal}i;ic agent present affecting the action. For 
each experiment the value of K' obtained is fairly consistent, and the ex- 
periments as a whole show a general consistency. 

The equation used was practically the same as that of Dr, Ewan, except 
that Z’', the factor allowing for the aldehyde dissolved in the acetic acid 
formed, was not taken into account. 

Let the partial pressure of aldehyde at the commencement of the experi- 
ment be A millimetres, that of oxygen B millimetres, and that of nitrogen 
N millimetres. P is the total pressure of the gas at any instant. Suppose 
that after T minutes a; millimetres of oxygen have combined with 2® milli- 
metres of aldehyde to form acetic acid. The pressure of oxygen will then 
be (6 — x) and that of aldehyde {a — 2a?). Also, there will be a certain 
pressure of acetic-acid vapour, which will be equivalent to the vapour- 
pressure of acetic acid at that temperature after the acetic acid formed 
has commenced to condense to liquid. 

If, then, the action proceeds \\uth a velocity proportional to the concen- 
tration or pressure of aldehyde and of the oxygen atoms, then 

— ‘I = Ky'ipa, 

where p' = partial pressure of oxygon, 

P 2 = partial pressure of aldehyde, 

«= rate of change of pressure of oxygen. 
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As Dr. Ewan lias shown, the pressure of oxygon atoms should lie pro- 
portional to the square root of the pressure of oxygen if the law of mass 
action holds strictly, and a state of equilibrium is assumed, tor there is 
equilibrium between the oxygen atoms formed and the oxygen molecule. 
The equation therefore becomes 

K'C(,3) = C%) X C(..) = 

where 0 ( 02 ) and C(o) represent the concentrations of oxygen molecul(‘s and 
atoms respectively. 

From this, then, 

CC.) = K'C:(.,), 

or the pressure of the oxygen atoms varies as the square root of the pressure 
of the oxygen molecules. The actual value of K' will undoubtedly l:)e very 
small, as the number of oxygen atoms present can hardly be great even 
under the most favourable conditions. 

In integrating the equation 


we put 
This gives 


—3} = 

p' = 6 — X ; ^2 = fl — 2a;. 

(a- 


2ar), 


or 


It 

Ji 


= K (b — x)l (a - 2.r), 


and integrating it gives 


1 

or, writing the logarithm to the base 10, we get 

Kt I -(i-l)- 


^2 . 30 




«\1: fogic 


— ^ + constant. 


2 / 

The constant is obtained from the condition that a: = 0 \vheu t = o, and the 
equation is therefore 

1 


K'^ = 




“li logK' .v .. i . + 




lo^Cio 


where K' = 


K 

2 . 30’ 


The values^ of K' given in the tables are calculated by means of this 
equation, and in each case are multiplied by 10^. 


Experimental Work. 

There seems to be nothing more clear from my experiments than that 
the action is extremely susceptible to the influence of accelerating and 
retarding influences. Much time was lost in the early part of the work 
through the sample of aldehyde, prepared by repeatedly redistilling a 
stock sample, containing paraldehyde. The result of using thi i j^ sample was 
tha.t the action would not go on at a rate at all comparable with that 
which Dr. Ewan ohseirved, though otherwise the conditions were the same, 
^^^en compared with the results obtained later on with a piu*c sample the 
difference is at once apparent. 
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The followini> arc soroo Tesults obtained by using this sample. There 
can be no doubt that there was the pressure of aldehyde in the pure form 
there, as the para form, boiling at 121° C., eould not give a very great 
pressure at 21 G., but the presence of the para form is small quantities 
hindered Ihe action. 

The value of is not calculated, as it is obviously worthless. 


Time 

m Minutes. 

P2- 

p'- 

P. 


Temperature. 

0 

2i6 ! 

850 

1096 

1 

20-7° 0. 

182 

246 

850 

1096 


. , 

0 

250 1 

513 

763 


20-7° C. 

360 


• • 

711 



0 

220 

1 198 

718 


20-6° C. 

160 



715 



0 

252 

374 

621 


20-7°’ C. 

988 



638 

1 


0 

303 

3^ 

624 


25° 0. 

m 



593 


, , 

0 

318 

279 ' 

627 


25° C. 

180 



615 



0 

306 

1 391 1 

697 


25° C. 

720 


' 1 

1 •• ' 

671 




These expeiiments show that there has been little action going on. At 
first the aldehyde was not suspected ; but when the oxygen had beeii used 
undried, and dried over calcium-chloride and sulphuric acid, and when the 
temperature had been raised to 25° C„ and still the action did not proceed 
at a satisfactory speed, it was thought that the fault was due to the alde- 
hyde. 

A second sample of aldehyde was prepared from the original sample 
by distilling it with dilute sulphuric acid, so as to break down the para 
form present. 

Three distilling-flasks were used. The first contained the mixture of 
dilute sidphuric acid and aldehyde, the second contained calcium-chloridii 
in fairly large quantities, and the third was empty. All the flasks and 
connecting i ubes were carefully washed and steamed out before being used, 
so as to remove any trace of a<*id or base which might polymerize the alde- 
hyde. The flasks were arranged in series. 

The second and third flasks were immersed in i(*e, while the bath con- 
taining the first flask was gradually warmed until the water boiled. The 
distillation was then stopped. The aldehyde distilled over very readily, 
being so volatile that some of it passed the second flask, and only condensed 
on reaching the third flask. Any water-vapour was condensed in the 
second flask and absorbed by the calcium-chloride. When the water round 
the first flask had boiled it was detached, and the aldehyde which had con- 
densed in the second flask distilled into the third flask. The temperatui'e 
was kept down to 25° C., and the latter half of the liquid in the second flask 
rejected. The purified aldehyde was then transfeired into a well-stoppored 
bottle protected from light, which had been carefully steamed out. This 
sample held good throughout the series of experiments. 
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Experimext!^ ai-vde to determfne whether such a Maximum Pressure 

AS THAT IXDKATED BY Dr. EwAN’S EXPERIMENTS DTD EXrST. 

In this connection the chief points to be cleared up were : (1) Wh oilier 
a maximum reaction pressure did exist ; (2) whether tlie pressure of alde- 
hyde had any eiio(*t on it ; (3) the effect ol temperature on this niuximuni 
pressure, if it was found to exist. 

At the outset it may be said that although the rate of ivaction. as 
indicated by the value of K', seemed to diminish with lii^lier jiressures ol 
oxygen, the pressure of aldehyde remaining constant, yet there was nothiiiii 
to show that the action came suddenly to an end, as is indicated by Dr. 
Ewan’s experiments. Further, as will be shovTi later, on raising the pere(*nt- 
age pressure of aldehyde the value of again rose, even though the oxygen- 
pressure remained high. Some explanation from theoretical considerations, 
as will he shown later, can also be given of the fact that the value of K' is 
small when there is a big pressure of oxygen and a small one ol aldehyde. 

It will be as well at this stage to quote some experiments to illustrate 
this point. 

Except where otherwise stated, the oxygon, prepared from potassium - 
chlorate and manganese - dioxide, was dried over calcium - chloride. No 
attempt was made to absorb the acetic acid formed. 


Time 

in iVIinutes. 

P-2 

P'- 

P. 

1 

Temperatuio. | 

K'. 

0 

349 ' 

414 

783 

20-85'' C. 


154 

256 

368 

656 

21’ C. 

2*2 

203 

210 1 

1 350 

601 

2r U. 

2®5 

262 

193 

338 

563 

21-1“ C. 

24 

318 

171 

1 327 

530 

20-8® V. 

2-5 

371 

155 

’ 319 

506 

20-9° C. 

24 

444 

135 

309 

476 

20-9’ C. 

2-4 

509 

124 

304 

460 

20-9° C. 

2-3 


Partial pressme of nitrogen = 

20 mm. 



Partial 

, pressure 

of acetic acid = 

12 mm. 


Time 

in Minuter. 

P2- 

p'- 

' P. 

1 

TcmiK'raturc. 

1 


0 

232 

534 

793 

20-8’ C. 1 


198 

176 • 

506 

721 

20-8’ C. 

i-3 

242 

1 169 

503 

711 

20-8’ C. ' 

1*2 

284 

162 

499 

700 

20-8’ C. 1 

1-2 


Partial pressure of nitrogen ~ 

27 mw. 



Partial pressure of acetic acid = 

12 mm. 


Time 

in Minutes. 

P2- 

p- 

P. 

1 Temperature. 

K'. 

0 

229 

598 

850 

20-8° C. 


159 

173 

' 570 

776 

20-8® C. 

14 

826 

69 

1 518 

622 

20-9® C. 

1*2 


Partial pressure of nitrogen = 23 mm. 
Partial pressure of acetic acid = 12 mm. 
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All flic other (‘xpeiimeiits quoted were made in semi-darkness ; but 
tli(‘ last one (|uoted \^as made in absolute darkness. No alteration is, how- 
<*v(‘r, noticeable in the reaction. 

In the next two experimenis the oxygen was diied with concentrated 
sulphiuic a<.id instead of calcium-chloride, in the first the etVec't a<‘cms 
to be to sliow a letardation, but the value of K.' rises again in the second. 
The extreme sensitiveness of the action to determining agents makes it 
\ery difficult to have the conditions exactly the same. Jn any case there 
c<in be no doubt that an action has been going on. 


Time 

m Jill miles. 

P2' 

y/. 

P. 

Teinperaturo. 1 

1 

K'. 

1 

0 

242 

592 

1 1 

1 870 1 

20-9^^ C. 


166 

213 

577 

1 838 

20-9'^ C. 

0*8 

219 

203 

573 

824 

20-95^ C. 

0*73 

281 

194 

568 

810 

20*95= C. 

0*71 

336 

186 

564 ' 

' 798 

20*9" C. 

0*71 

459 

172 

557 

777 

2r C. 

1 0*70 

668 

140 

542 

730 

2r C. 

' 0*88 

1370 

62 

505 

615 

20*9° i\ 

1 


Partial pressure of nitrogen == 

36 mm. 


Time 

in Alimitos. 1 

P2- 1 

1 

1 

1 

P. 1 

Temperature. ’ 

K'. 

0 

240 

765 

1051 

20*9= C. 


173 

203 

747 

1008 

20*9'=’ C. 

1*2 

284 

157 

724 

939 

20*9= C. 

1*2 

1030 

95 

693 

846 

20*9= C. 

0*73 


Partial pressure of nitrogen = 46 miu. 



In the n<*xt experiment the oxygon was again dried over calciiun- 
chloride : — 


Time | 

in Minutes, 



P. 

Temperature, 

K'. 

0 

250 

851 

1125 

21“ C. 


165 

399 

826 

1061 

21“ e. 

3*i 

193 

191 

1 

1048 

21“ C. 

M 

221 

182 

817 

1035 

21“ C. 

1*1 

249 1 

172 

' 813 j 

1 1021 

21“ C. 

M 

449 

125 

790 ! 

1 952 

21“ C. 

1*1 


Partial pressure of nitrogen — 24 mm. 


The number of these experiments, in every case the action going on 
regularly pxits it beyond doubt that the action is able to go on at pres- 
sures ot oxygen above 530 mm., at least under some c'onditions. In one 
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experiment, to confirm that acetic acid was formed, at the cud of the 
experiment, instead of letting in the hydrate, the read ion-vessel Wtis tak(‘u 
out of the bath, and acetic acid was found in the bottom of the pipette. 
On breaking the end and letting the liquid out on blue lilnuLs-pafxu* the 
paper was turned red and the smell of acetic acid was very noticeable. 

The results of these experiments are opposed to tlu)&(' ol Dr. Ewan, for 
although the value of K' shows a decrease with rise of ])rcssure ol oxy<:»(Mi 
there is nothing to show that the action does not go on ai lea^t up to very 
much higher pressures than were found by him It does not, on the face 
of it, seem probable that an action which went on readily when tlie jiressure 
of oxygen was 450 mm. should cease when the pressure was raised only 
another 100 mm. If there are any oxygen atoms present With the pi'ossui e 
at 450 mm., there seems bo be no theoretical reason why they should not 
exist in at least almost as large numbers with the pressiu’p at 550 mm., 
allowing that the external conditions are the same. It seems to me ex- 
tremely probable that some retarding influence was present ol winch Dr. 
Ewan was unconscious. As has been pointed out, m the earlier expeii- 
ments little or no action went on, on account undoubtedly of the pre- 
sence of the paraldehyde, especially when the oxygen-pressiu’e was at all 
high. 

Thus, compaiing the last experiment quoted with one with similar piH's- 
sures, only using a difierent sample of aldehyde, the difierciice is at once 
seen : — 


Time 

in Minutes. 

I 

, 

P. 

Temperature. 

0 1 

246 1 

850 

1096 


182 I 

246 1 

850 

1096 

20-7° C. 


It is just possible that the sample used by Dr. Ewan was not free from 
paraldehyde. It must be noted also that the average value of his constant 
at 21° C., worked out by the same method as mine, is only 1*2, wliereas 
mine is 2-2. 

As wiU be shown in the next section, many other substances affect the 
speed of the action, showing how easy it would be for the conditions to 
be different when apparently the same. 

SoiiB Catalytic Agents affecting the Reaction. 

1. The effect of impure aldehyde has already been shown by comparing 
the results obtained with two different samples. Nothing more need be 
said at this stage. 

2. Impurities in the Oxygen.— Tb.^ oxygen was kept in bell jars over 
water. To this water considerable quantities of sodium-hydrate were 
added, to dissolve out any traces of chlorine, or oxides of chlorine, 
which are evolved when manganese-dioxide and potassium-chlorate are 
heated. On one occasion pure water was used in the jars, and the 
oxygen used immediately it had been collected, before the traces of 
impurities had di^olved. The effect of this trace of chlorine was almost 
to stop the reaction. The conditions of the experiment were otherwise 
the same as they had been* 
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The followiDg experiment illustrates this : — 


Tune 

111 Minutes. 

I>2- 

1 

1 

Temperature. 

0 

255 

435 I 

720 


120 

252 

434 j 

717 

20-9° r. 


Paitial pressure of nhro|>en = 30 mni. 


On the next day, using the same sample of oxygen, whicli had mean- 
time remained undisturbed over the water, tlie action went on a little more 
readily, though still much slower than formerly. 


Time 

in Minutes. , 

P2‘ 

7 r 

p. 

“ 

P. 

Tc-mporature. 

0 

266 

■125 i 

713 

20-9“ C. 

145 ' 



680 

20-9'’ 0. 

109 1 



(>67 

20-9° C. 

271 1 



652 

20-9° C. 

343 



613 

20-9° C. 

1362 

198 

' 396 

628 

20-9° V. 


Partial pressure of nitrogen = 22 mm. 


On shaking the water up to dissolve the chlorine, and allowing it to 
stand several days, on again usuig it the action went on with very great 
rapidity — greater, in fact, lhan that previously obsei-ved. 


Time 

in Minutes. 

Pi- 

p'- 

P. 

Temperature. ^ 

K'. 

1 

0 

\ 258 1 

1 500 

782 

21" 


181 

1 142 

443 

621 

21" L\ 


230 

1 110 

429 

575 

21" ('. 

3-4 

254 1 

1 98 

422 

556 

21“ 0. 

3*7 

307 

1 78 

AU 

528 

21“ 

1 3*7 

•109 

60 

406 

502 

21“ (’. 

1 

3-3 


Partial pressure of nitrogen =21 mm. 


The speed of this reaction is somewhat remarkable. Nothing was 
noticed to account for it. It may bo that more water-vapour was present 
than usual. These results show how susceptible the action is to disturb- 
ing effects, the impurities in the oxygen being undoubtedly the cause of 
the change in the velocity of the reaction in these cases. 

3. Yesseh — The speed with which the action proceeds seems also to be 
influenced by the nature of the reaction -vessel. It has long been known 
that the form and nature of the vessel has considerable effect on the velocity 
of gaseous reaction and this affords another marked example of it. Two 
reaction-vessels were used, so as to enable an experiment to be made each 
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day, as the vessel required at least twelve hours for thorough (‘leaning. 
Hence, if only one were used, an experiment could not be left to proc*e<‘<l 
all night and then the same vessel used again the next day ; but with two, 
every day could be made use of. No induciico due to tht‘ first two vc'sst'ls 
was noticed, but towards the end of the series of expcriTneiits one of th(‘ni 
was broken. The new pipette showed a marked and (*onsisien1 reiardiiig 
effect as compared with the old one. Three expcrmuMitrt altogether were 
made in the new vessel, and corresponding ones in the old oius tin* <‘(T(‘et 
in each case being the same. The temperature at which eacli ])air was 
made was difierent, so that a wide range of conditions was covered. 

The first of the following pairs of experiments quoted was made in the 
new vessel and the second in the older vessel. 

'p\ P. Temperatuu*. K'. 

571 » 857 40“^ C. 

527 753 40° V. 3-6 

622 ' 737 40° 0. 2-7 

019 1 730 40° C. 2-2 

Partial pressure of nitrogen =31 mm. 

Partial pressure of acetic acid = 35 mm. 

2?2* v'* P- I Temperature. 

L_ _ 

254 512 798 40° C. 

159 467 693 40° C. 3-0 

140 457 664 40° C. 3-8 

105 441 613 40° C. 3-7 

61 419 547 40° C. 3*3 

_i_ 

Partial pressure of nitrogen = 32 mm. 

Partial pressure of acetic acid = 35 mm. 

The second pair of experiments was made at 48*2° C. Th(i same gcn(»ral 
effect is noticeable— namely, a fairly rapid fuiling-o-ff of the speed of thc' 
reaction in the new vessel, and a much smaller value of K' than witli the 
old vessel. 


Time 

in SEnutes. 

1 

p'. 

P. 

Temperalmv, 

K'. 

0 

261 

607 1 

795 

1 

48-2° C. 


140 

132 

447 1 

657 

48-2° C. 

i 4-35 

170 

128-6 

446*4 

652 

48-2° C. 

3*76 

200 

126 

444 

648 

48-2° C. 

3*3 

233 

124 

443 

645 

48-2'- C. 

2*b 


Partial pressure of nitrogen 
Partial pressure of acetic acid 

= 27 mm. 

= 51 mm. 



Time 

in Minutes. 

r 

0 

109 

142 

218 

405 


Time I 

hEnutos. 1 

i 

Vi- 

1 

0 1 

255 

109 

160 

164 1 

149 

223 1 

145 
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Time 

in ^Minutes. 

1 Pi- 

i/. 

P. 

Temperature. 

K'. 

0 

267 

496 

789 

18-2° C. 


71 

138 

437 

653 

48-2° C. 

8-9 

85 

118 

127 

622 

48-3° C. 

9-3 

KM) 

108 

421 

606 

48-3° C. 

8-8 

115 

101 

418 

596 

48-3° C. 

8-3 

175 

87 

411 

575 

48-3° C. 

61 

205 

80 

108 

565 

48-3° C. 

5-7 


Partial pressure of nitrogen = 

26 mm. 



Partial 

pressure of acetic acid = 

51 mm. 


The next pair of experiments was 

made at 21 

° C. 


Time 

in Minutes. 

1 Pi- 

P'. 

P. 

1 Temporature. 

K'. 

0 

254 

846 

1120 

21° C. 


200 

219*3 

828-7 

1080 

21° C. 

1 0-65 

222 

212-6 

1 825-4 

1070 

21° C. 

0-63 

254 

207-3 

1 822-7 

1062 

21° C. 

0-63 

285 

200*6 

819-4 

1052 

21° (J. 

1 0-63 

315 

1 195-3 

816-7 

1044 

21° C. 

0-67 

486 

173 

802 

1 

1006 

21° C. 

' 0-68 


Partial pressure of nitrogen = 20 mm. 


Time 

in Minutes. 

1 P2- 

P'’ 

P. 

Temperature. 

1 

0 

250 

851 

1 1125 

21° 0. 


165 

199 

1 826 

1061 

21° C. 

1-1 

193 

191 

821 

1048 

21° C. 

1-] 

221 

182 

817 

1035 

21° C. 

M 

249 

172 

1 813 

1021 

21° C. 

M 

449 

125 

790 

962 

21° C. 

1-1 


Partial pressure of nitrogen = 24 nim. 



The fact of these three sets of experiments showing a consistent differ- 
ence in the rate of the reaction is very strong evidence that the difference 
was due to the vessel. The conditions otherwise wore exactly the same, 
and the vessels were cleaned in exactly the same manner — namely, by 
leaving them in a solution of potassium-permanganate and hydrochloric 
acid for twelve houx*s at least, and then washing out with oxalic acid and 
distilled water. 

4. Water-dafcmr , — It is extremely probable that, as water-vapour has 
the effect of increasing the dissociation of oxygen molecules, its presence 
would accelerate this reaction. It had been hoped that an experiment 
might be made in which both the aldehyde and oxygen were dried abso- 
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lutely, but, while little difficulty was cxperieuccd in diyini* the vessel and 
oxygen by leaving them in contact with phosphorous pentoxide for a con- 
siderable time, the same could not be done with the aldehyde. Tlie most 
effective drying agents are strongly basic or acidic oxides, or metals, such 
as sodium and potassium, which show a strong affinity for WMter. 

Now, aldehyde is polymerized rapidly by mineral acids, bases, and many 
salts. In fact, the utmost precautions must be taken to pr(‘ven1 polymeri- 
zation, and the presence of the polymeric form, as has beim shown, affects 
the reaction. On this account attempts to obtain a perfectly di‘i(‘<l sample 
of aldehyde have so far failed. 

Could such an experiment be made, the result would probably show <i 
great retardation, if not a total cessation of the action. 

In view of the number of experiments quoted showing the influencing 
effects of many substances on the speed of the reaction, little further support 
is needed to affirm that the action is very sensitive to catalytic agents of 
all kinds. The experiments of Dr. Ewan can, how^ever, be furtber quoted 
to support this. 

Four experiments, having their constants worked out, are rct*orded in 
the Philosophical Magazine.’’ In the first experiment, with the tempera- 
ture at 20° C., the value of K varies from 0-76 as a minimum to 1-27 as a 
maximum. This is a very low^ value, for wffiich he gives no explanation. 
In the next experiment the value of K varies from 2*81 to 3*57 ; in the next 
fi‘om 0*96 to 3*18 ; and in another experiment, in which the initial pressure 
of oxygen was only 373 mm., well below his maximum, at which the reaction 
goes on constantly, and the initial aldehyde pressni'e 178*5, the constant 
begins at a maximum of 2*82, and falls rapidly to 2*59, and then to 2*34 — 
in fact, in this experiment the reaction between the two last readings was 
extremely slow, as will be shown by quoting the experiment : — 


Time 

in Minutes. 


/• 

P. 

1 

1 Temperature. 

1 

K'. 

0 1 

. 

178*5 

373-0 1 

559-3 

1 


353 1 

122*8 

346-8 , 

488-8 

1 20-8° C. 

2-82 

421 

118*2 

1 344-6 1 

481-8 

1 

2-59 

501 1 

1 114*2 

342-7 ! 

1 

476-1 

1 

1 

1 

2-34 


It will be noticed that in the last eighty minutes the total pressure 
fell only 5*7 mm., whereas in the latter part of a previous experiment, with 
the oxygen-pressure at 409*1 mm. and the aldehyde pressure 119*1 mm., 
the pressure fell 95 mm. in 700 minutes, although this latter case includes 
pressures which should give a much slower rate on the average. 

For these variations Dr. Ewan gives no explanation. He mentions that 
it seems of some importance to keep the apparatus as clean as possible, 
but he does not say why. 

If we accept the idea that the action goes on between the aldehyde 
molecules and the oxygen atoms, there are two separate actions the speed 
of which catalytic agents could affect: there is, first, the breaking-up 
of the oxygen molecule ; and, secondly, the combination of the aldehyde 
with the oxygen atom. It seems to me most probable that in most cases 
the first of the^^ two actions is the one most affected. Under the most 
favourable conditions there could hardly be many atoms of oxygen present. 
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and any agent which tended to lessen tlie number would have a very 
marked efect on the speed of the action. Water-vapour is an example 
of an agent which favours the Joimation of atoms, and it is possible ihal 
paraldehyde-vapoiu' has the o])posite tendency. 

In any case, the extreme sensitivem^ss of the action would lend sup])ort 
to the assumption that it is an indirec't one, taking place between the oxygen 
atoms and the aldehyde molecules. 

Tjhe Effect of Different PEra^ENTAGE Pressures of Aldehyde on 

THE Value of K'. 

It can be seen from a glance at the experiments c[uoted that the value of 
K' is smaller when the oxygen-pressure is high, the aldehyde remaining 
constant. It was found, however, that on raising the aldchyde-pressia*e 
to something more nearly equal to that of the oxygen -pressure the value 
of K' again rose, even when the oxygen -pressure was high. This is further 
illustrated by expeiimeuts made at 25° C. and 30° C. 


Time 

in Minutes. 

P2- 

//• 

1 ». 

Tcnipcraturp. 

K'. 

0 

421 

602 

1060 

20-8° C. 


73 

' 339 

566 

954 

20-8'’ V. 

2-2 

130 1 

1 278 

541 

868 

20-8° C. 

2-4 

183 

236 

523 

808 

2()-86“ C. 

2-2 

231 1 

f 207 

510 

766 

20-8° C. 

2-3 

282 

192 

498 

739 

20-9° C. 

2-3 

309 

181 

493 

713 

21'=’ C. 

2-2 

426 

138 

477 

664 1 

20-8° C. 

2-0 

582 

112 

465 

626 1 

20-8° C. 

1-7 

1286 1 

1 

60 

438 

547 

' 20-8° C. 

1-2 


Partial pressure of nitrogen = 37 mni. 
Partial pressure of acetic acid = 12 mm. 


In this experiment, though the oxygen-pressure was 602 mm. at tlie 
commencement, the action went on rapidly, th(‘ value ol K' being practi- 
cally the same as in the first ex])eriment. 


Time 

in Minutes. | 

P2- 

i 

P. 

1 Tomperaturo. 1 


0 ^ 

298 

i 475 

^ 790 

24-8° C. ' 


96 

249 

451 

732 

24-8° C, 

2 1 

154 1 

215 

434 

681 

24-8'’ C. 

2-2 

220 1 

182 

418 1 

1 632 1 

24-8° C. 

2-2 

259 

165 

410 

1 607 

24-8“ C. 

2-3 

305 1 

147 

402 

581 1 

24-8° C. 

2-3 

435 1 

137 

397 

566 , 

24-8° C. 1 

2-4 

602 ; 

__ j 

119 

388 

639 

24-8“ C. 

2-3 


Partial pressure of nitrogen ~ 17 mm. 
Partial pressure of acetic acid ~ 15 mm. 
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Time ' 

in Minutes. 

P2‘ 

/. 1 

r. 

Temporiture. | 

K'. 

0 

260 

745 ! 

]()39 * 

25' (’. 


176 

190 

711 

950 1 

25° ('. 

1*4 

407 

1 158 

695 1 

902 

25° (’. 

l-t)l 

478 ! 

1 151 

692 1 

892 

25° ('. 

0-91 

1325 

1 98 

1 

665 j 

812 ' 

24-7° (’. I 

0-63 


Partial pressure of 

nitrogen * 3^ 

1 mm. 


Time 

in Minutes. 

1 Ps. 

I.._ 


P. 

Temperature. 

K'. 

0 

434 

691 

1165 

1 

26° C. 


78 

333 

650 

1038 

26° C. 

2-4 

106 

320 

635 

1010 

25° 0. 

2-4 

139 

294 

621 

970 

26° C. 

2-6 

220 

267 

608 

930 

25° C. 

2-6 

252 

239 

593 

887 

26° C. 

2-9 

390 

145 

546 

746 

25° C. 

2-9 

1106 

36 

493 

684 

24-7° C. 

2-()6 


_ 1 _ 1 
Partial pressui'e of 

: nitrogen *4 

0 mm. 


Time 

in Minutes. 

P2- 

P'- 1 

P. 

Temperature. 

^ K'. 

1 

0 

If 

263 

‘ 469 

734 

29-9° C. 

1 

45 

218 

452 

702 

1 29-9° C. 

' 3-3 

65 

203 

444 

679 

29-9° C. 

1 3-6 

86 

187 

436 

655 

29-9° C. 

1 3-6 

130 

153 

420 

605 

29-9° C. 

3-7 

200 

no 

404 

' 556 

.30° 0. 

3-8 

444 

63 

375 

1 470 

29-9° C. 

1 3-3 


Partial pressure of 

nitrogen = 

= 12 mm.' 



Partial pressure of 

acetic acid = 

= 20 mm. 


Time 

in Minutes. 

l 

1 

1 

P. 

^ Temperatuie. 

T 

1 

0 

259 

1 

' 692 

987 

' 30-1° C. 

1 

66 

, 212 

i 667 

934 

30-1° C. 

1*7 

144 

173 

< 649 

876 

30-2° C. 

1-8 

168 

166 

646 

866 

30-2° C. 

1-7 

239 

151 

639 

, 844 

' 30-2° C. 

1-5 

307 

1 136 

632 

822 

1 30-2° 0. 

1 


Partial pressure of nitrogen *34: mm. 


The regularity of this variation calls for explanation. The constant 
has been worked out on the assumption that the number of oxygen 
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aloms present is pioportioiidl to the sqm re loot of the oxvgeii-i^ressure, 
and that the action goes on only hetwee i the aldehyde molecules and the 
oxygen atoms. Now, according to the kinetic theoiy of gases, these oxygen 
atoms, il present, would be lormed d iring the collision of two oxygen 
molecules, and the number lormed would be ])ioportioiial to the number 
ol these collisions. At the same time, the numbcu’ of molecules rc-formed 
would increase as the number of atoii s pieseiit iiic leased, until a state 
ol equilibrium would be leached. The valuer of K' then, thus w'orked oui, 
does not take into account the possi ulity of an oxygen molecule being 
split up on coming in contact w'lth an aldehyde moleiulc, and perhaps, 
ill some cases at least, oxidizing the ildehyde molecule at the same time. 
If rhis went on to any great extent, then the greater the percentage ol 
aldehyde molecules to oxygen molecules present, the greater would be the 
excess of oxygen atoms present, caused by contact of aldehyde and oxygen 
molecules, over the calculated nuralier. The effect, then, if this be a deter- 
mining factor, of raising the oxygen-pressure and keeping the aldehyde 
(‘onstant wmuld be to low'er the value K'; but on raising the aldehyde- 
pressure to something nearer to that of the oxygen the value of K' would 
again rise. In other words, the value of K' \vould be somewhat dependent 
on the percentage pressures of aldehydi^ and oxygen. In most of the ex- 
periments there seemed to be a more or less distinct loAvering in the value 
of K' as the proportion of aldehyde became less, on account of the moie 
rapid decrease in the pressure of aldehyde. 

At the same time, it must be remembered that at no time during the 
experiment is a state of equilibrium reached either between the formation 
of oxygen atoms from molecules and the re-formation of the oxygon mole- 
<‘ules, or between the oxygen atoms and aldehyde molecules. Now, if the 
percentage pressure of aldehyde were great, then an aldehyde molecule 
would seize upon an oxygen atom in many cases as soon as it w^as foimiod 
— that is, before it had time to corac in contact with ahother oxygen atom 
— and thus count in the determination of the equilibrium. Thus the fa(*t 
that oxygen atoms are being removed continually from the sphere of action 
would prevent a state of equilibrium being reached, and could cause, for 
any particular pressure of oxygen, the number of oxygen atoms ready to 
<*ombine with aldehyde molecules to be greater than that calculated h*om 
tlie assumption of a state of equilibrium. Also, the greater the pressm*e 
of aldehyde in comparison with that of oxygen, the more would this be 
felt. This, it seems to me, might be a very considerable fa(*tor, and it is 
hard to see why it should not have at least some effect. 

There is another factor w'hich might have some effect, though it would 
in all probability be slight, if noticeable at all. With higher pressures of 
oxygen the proportion of oxygen atoms to oxygen molecules would be less 
than with lower pressures of oxygen. For instance, suppose the pressure 
of oxygen molecules to be A millimetres in one case and B iu another, the 
value of B being greater than that of A. The number of oxygen atoms 
in the two cases would be KAl and KBl^ respectively, and the proportion of 

K. Tv 

oxygen atoms to oxygen molecules in the tw'-o cases would be and gr 

respectively — that is, in the second case, where B is greater than A, the 
oxygen atoms are more diluted with the oxygen molecules, which are for 
the purposes of the reaction inert. This diluting of the reacting sub- 
stances — namely, the aldehyde molecules and the oxygen atoms — by inert 
oxygen molecules might have the effect of retarding the action. Unless, 
however, we assume tiiat time is taken up on collision — and the assumption 
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of the kinetic theor}^ is that this factor is very small — ^this dilution should 
have little effect in reducing the number of collisions between aldehyde 
molecules and oxygen atoms. It is known that in solution the eff('ct ot 
some inert substance, as far as retarding th(* reaction is concerned, is very 
slight, and the same probably holds in the gaseous state. The effect of 
this factor, if at all noticeable, would be to reduce the value ol K' as tln^ 
oxygen-pressure increased. 

These seem to be the only possible determining facto] s troin the tlieo- 
retical standpoint, and if, as Dr. Ewan found, the action goes on readily 
mth the oxygen-pressure at 450 mm., and ceases practically altogether 
with the pressure at 550 mm., no theoretical explanation seems forthcom- 
ing ; in fact, it is almost inconceivable that so sudden a break should occur. 

The Effect of Tempeeature on the Reaction. 

The effect of rise of temperature on the reaction is, as would be expected, 
to increase the value of At first increase of remperature by a few^ 
degrees seems to have very little effect, but at 50° 0. the aldehyde is 
oxidized very rapidly, practically the whole being converted into acetic 
acid in the com‘se of a few houi*s. There can be no doubt that the degree 
of dissociation of oxygen atoms becomes greater as the temperature rises, 
and this, together with the mcreased speed of the molecules, would account 
for the increased rate of oxidation. It was not considered necessary to 
make experiments at a temperature higher than 50° C., as little further 
would be illustrated, the speed at that temperature being sufficiently groat 
to measure accurately. In the first experiment at 21° C. the proportion 
of aldehyde is rather greater than in the other cases, giving perhaps a 
higher value of K' than otherwise. 


Time 1 

in Mmutes. 

F2- 

X * 

1 

1 

Temperature. 

K'. 

0 

349 1 

414 

783 

20-85° C. 


164 

256 

368 

656 

21° C. 

^2 

262 

193 

338 

663 

21° C. 

24 

371 

155 

319 

506 

20-9° C. 

2-4 

444 

135 

309 

476 

20-9° V. 

24 

509 

124 

1 304 

. 460 

20-9° C. 

2-3 


Partial pressure 

of nitiogen = 

20 mm. 



Partial pressure of acetic acid= 

12 mm. 


Time 

in ]iXmutes. 


' p'- 

1 

Temperature. 

K'. 

1 

0 

298 

475 

' 790 

24-8° C. 

1 

f 

164 

1 215 

, 434 

681 

24-8° C. 

2-2 

220 

182 

1 418 

1 632 

24-8° C. 

2-2 

306 

147 

' 402 

681 

24-8° C. 

3-3 

436 

137 

! 397 

1 566 

24-8° C. 

2-4 

502 

1 119 

1 388 

539 

1 24-8° C. 

2-3 


Partial pressure of nitrogen = 17 mm . 
Partial pressure of acetic acid = 15 mm. 
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Time 1 

in Minutes. 


p'- 1 

P. 

Temperature. 

K'. 

0 

253 

469 

734 

29-9° C. 


45 

218 

452 

702 

29-9° C. 

i*3 

G5 

203 

444 

679 

29-9° C. 

3-6 

86 

187 

436 

655 

29-9° C. 

3*6 

130 

153 

420 

605 

29-9° C. 

1 3*7 

200 

110 

404 

556 

30° C. 

3*8 

444 

63 

375 

470 

29-9° C. 

3-3 


Partial pressure of nitrogen = 12 mm. 
Partial pressure of acetic acid = 20 mm. 


Time ' 

ill Minutes. 

Pi- 1 

1 

P. 

Temperature. | 

K'. 

0 

267 

496 

789 

48*2° a 


71 

139 

437 

653 

48*2° C. 

8-9 

85 

118 

427 

622 

48-3° C. 

9-3 

100 

108 

421 

606 

1 48-3° C. 

8-8 

115 

101 

418 

596 

1 48-3° C. 

1 8*3 

175 

87 

411 

575 

1 48-3° C. 

6*1 

205 

80 

408 

565 

1 48-3^ C. 

5-7 


The fact that the rise in the value of K' is not regular can be accounted 
for by the extreme difficulty of having the conditions so exactly the same 
as not to cause some slight variation in the speed. 

Effect of Large Quantities of Nitrogen on the Reaction. 


The following experiments may be quoted to show that the presence of 
nitrogen, even in large quantities, has very little effect on the reaction : — 


Time 

in Minutes. 

Pi- 

!>'■ 1 

P. 

Temperature. 

K'. 

0 

258 

269 ' 

656 



129 

210 

245 , 

596 

20-9° C. 

2-2 

318 

141 

212 

494 


2-4 

411 

118 

202 

461 

. . 

2-4 

1236 

63 

175 

379 


1-4 


Partial 

pressure of nitrogen = 

129 mm. 



Partial 

pressure of acetic acid = 

J2 mm. 


Time 

in Minutes. 

Pi- 


' W j 

Temperature. 

K'. 

0 

1 304 

286 

1025 

24-8® C. 


73 

268-6 

267-4 

984 

24-8® C. 

2-4 

158 

237-3 

261-7 

937 

24-8® G. 

2-0 

188 

, 227-4 

246-6 

922 

. 24-8® C. 

2-1 

223 

218 

242 

908 

24-8® C. 

]-9 

283 

1 208 

1 

237 

893 

24-8® 0. 

1-7 


Partial pressure of nitrogen = 435 nxm 
Partial pressure of acetic acid — 16 mm 
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General Conclusions. 

The general conclusions arrived at are : — 

1. That acetaldehyde is oxidized diivctlv to acetic acid, the action 
taking place between the aldehyde molecules and the free oxygon atoms 
present. 

2. That, with certain moditications, the action can be said to proceed 
with a velocity proportional to the pressure of aldehyde and to the s(juare 
root of the pressure of oxygen. 

3. The two chief modincations to be remembered are : {a,) Thai at no 
time during the reaction has equilibrium been established between the 
oxygen atoms formed and the oxygen molecules re-formed, the result being 
that more oxj’-geii atoms are available for combination than would bo cal- 
culated from a state of equilibrium, and the extent of this excess depends 
on the percentage pressure of aldehyde. (6.) That it is possible thai the 
collision between an oxygen molecule and an aldehyde molecule may result 
in the brealdng-up of the oxygen molecule. 

4. That the existence of a maximum pressure of oxygen above which 
the action does not proceed is doubtful. Any such maximiun is certainly 
much higher than that indicated by Dr. Ewan. There was no cessation 
of action with a pressure of 850 mm. of oxygen. 

5. That the action is greatly inflneilced by catalytic agents of every kind. 

6. The efiect of rise of temperature ib to increase greatly the speed of 
the reaction, the value of the conslant at 50° C. being four times as groat as 
at 25° C. 


Prbliminasy Note ox the White Substance FORiiEu by the iNTERACTrox op 
Meecuhy, Aldehyde, a.nd Oxygen, 

Mention is made by Dr. E-wau of the fact that a mixtuic of aldehyde and ox\'j>eii 
attacks mercury, forming a white substance, and gi^ung off an inflammable gas which 
is not absorbed by alkahne pyro-solution. Theie can bo no doubt that the white sub- 
stance is formed, and experiments were made to establish its nature and manner of 
formation. 

No action was obseived betwwn the pure acetaldehi de" and mercury. 

On alio wins oxygen to pass into the leaction - vesbel, which had contained the 
mercury and aldeh\de for three houTh, the formation of the white substance was soon 
noted. In fifteen minutes an incrustation had lormed on the sui'face of the mereur\. 
After fifteen hours a considerable quantity of white substance was obtained. 

If any inflammable gas unabsorbed by alkaline p.w-solution is formed, it i'* 
extremely small in quantity, and not at ail as much as would be expected horn the’ quan- 
tity of white substance formed. 

In appeaiance and properties the white substance distinctly resembles mercurous 
acetate, and a considerable amount of evidence has been gained 'in support of the \iew 
that, as tormed, it is mercurous acetate, an oxide of mercury l>emg first foimed by the 
action of the oxygen on the mercuiy, and this then attacked by the acetic acid. ' 

The white substance carries small paitieles of mercuiv, which can be separated 
with very great difficulty. 
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Art. VIII. — Stvdies on the Chemistry of the New Zealand Floia, 

By T. H. Easterfield, Victoria Collej^e, Wellington. 

[Jhad hefoip the WeUmtjtou PhiloMphnaL Soiidij, 5th Oduba, 1910.\ 

PART IV.— THE CHEMISTRY OF THE POROCARPl. 

Tfte prebeiit paper summarizes, for the use of New Zealand readers, work 
which has been carried on lor several yeais in the A'icToria College labora- 
tories on various species of New Zealand Pod oca r pi. The lull details have in 
part akeady appeared in the “ Transactions of the Chemical Society,” and 
others will shortly be forwarded lor publication in that journal. These 
details are of too technical a nature to be of interest to any except the 
highly trained speciahst, who can readily refer to the journal in question, 
which is taken in the library of each of the University Colleges. 

(1.) The Mid) (Podocarpus ferrugmeus). 

The rairo appears to be the only New Zealand member of the family which 
weeps drops of resin when the bark is incised [Ueherwalhtmjsharz). The resin 
thus obtained is valued by bushmen for the treatment of cuts and sores. 
A quantity of this resin collected in Westland was steam-distilled, rind the 
volatile oil resulting from this process was dried and distilled several times 
in contact with metallic sodium. The highly refrcU'tive colourless oil was 
proved by analysis to have the formula CioHj,,, and the boiling-point, 
specific gravity, specific rotation, and refractive index showed conclusively 
that the substance was a mixture of dextro- and laevo-rotary pinene. 

The water in which the resin had been boiled was only faintly acid, and 
contained traces only of matter in solution. 

The non-volatile portion of the resin was neutral in reaction, and under- 
went no hydrolysis when boiled with alcoholic potash ; it therefore con- 
tains neither esters nor lactones. After drying it can bo distilled ^^^ithout 
decomposition under reduced pressure (15-20 mm.). The distillate sets on 
cooling to a glassy mass which has hitherto resisted all attempts to make 
it crystallize. The su1)stance has a characteristic smell, recalling that of 
camiabinol, and is easily soluble in all ordinary organic solvents. Analyses 
of different preparations agree with the formula 

(2.) The Kahikatea (Podocaiqms dacrydioides). 

It is well known that large Jogs of white-pine are frequently flawed by 
heart-shakes filled to a greater or less extent with a hard white or yellowdsh 
deposit, which also saturates and hardens the woody tissue in the neigh- 
bourhood of the cracks. A quantity of this deposit was dissolved in alcohol 
and crystallized by the cautious addition of water until a permanent 
opalescence resulted. In a few hours the whole solution was filled with 
colourless crystals, which when completely purified melted at 192° C., 
showed a specific rotation of + 136°, and upon analysis and titration gave 
numbers agreeing sharply with the formula O 17 H 22 O 3 . This is the formula 
for podocarpic acid discovered by Oudemaus (“ Annalen dcr Chemie,” 1873, 
vol. 170, p. 213) in the heaiii-rosin of Podocarpus cupressinm var. imhricatm 
(a tree common on the mountains of Java at a height of 4,000 ft. and up- 
wards), and not since recorded in any other plant. By the Idudness of 
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Dr. Treub, Director of the Eoyal Botanical Gardens at Buitenzorg, 1 have 
been supplied with a sample of this resin, and have prepared po(^ocai*pic 
acid from it. The acid agreed in all physical constants with the a^‘id from 
kahikatea ; and the lower melting-point of podocarpic acid given by 
Oudemans (188°-18y°) is probably due to the difFerence in the conditions 
under which the determination was carried out. 

In the investigation of the miro and kahikatea I htive been .ilily assisti’d 
by Hiss A. I. Slowey, M.A. 

(2a.) The JRimu (Dacrydium cupressinum) : a Correct km. 

The close resemblance between the acids of red and white pine has 
caused Mr. Aston to re-examine the acid prepared from the former, which 
was previously described under the name ‘‘ rimuic acid ” (Trans. N.Z. 
Inst., 1903, vol. 36, p. 483). Careful comparison of the physical constants 
and titration values has shown that podocaipic and rimuic acid are identical, 
so that the latter name should be erased fi'om chemical hteratoe. At the 
same time it should be pointed out that the difference between the percent- 
age composition of an acid of the formula C^^HgoOg, ascribed to rimuic acid, 
and the formula for podocarpic acid (C1YH22O3) is so small (()-6 per ('(uit. 
in the carbon and 0-3 per cent, in the hydrogen) that titration can alom‘ 
settle the question of the correct formula. The titration values show witli 
certainty that Oudeman’s formula is the coiTect one. 

It is not without interest that trees whose external characters have 
led to the nomenclature Dacrydium cupressinum, Podocaipus cupressnius, 
and Podocarpus dacrydioides should be characterized by containing lh(» 
same acid, whilst this acid is absent in the other specic^s of Podocarpus and 
Dacnjdium which have hitherto received the attention of the chemist. 

(3.) The Matai (Podocarpus spicatus). 

(In conjunction Mith J.vmbs Bee, M.A., M.Kc.) 

In the matai (mai, or black-pme) heart-shakes are not nearly so common 
or so large as in the rimu and kahikatea. When they do occui’, however, 
well-formed radiating groups of crystals may often* be detected in the 
yellow deposit ■\nthin the cracks. It was expected that this material would 
also be found to consist of podocarpic acid. The substance was found, 
however, to be rather sparingly soluble in cold alcohol, whereas podocarpn* 
acid dissolves easily. From hot alcohol the substance separated on cooling 
in crystals containing alcohol of crystallization, melting at 77°-78°, and 
having the formula After removing the alcohol of crystal- 

lization the compound melts at 119®, shows a specific rotation of -1-4*89®, 
crystallizes from 60 per cent, acetic acid in large prisms, and is intensely 
soluble in acetone, insoluble in light petroleum. The alcoholic solution 
is coloured green by the addition of an aqueous solution of ferric chloride. 
Upon distillation a strong smell of eugenol is produced. As regards chemical 
constitution, two of the oxygen atoms are present as hydroxy groups and 
two as methoxy groups ; the remaining pair is present as a lactone group ; 
so that the formula may be rewritten CnjHi2(0H)2(0 0113)2 CO 0-. The 
compound yields well-characterized monacetyl, dibenzoyl, and sulphonic- 
acid derivatives. Matai resinolic acid, CieHi3(0H)2(0 CH3)2C02H, has 
also been prepared ; it crystallizes with 3 molecules of water of crystal- 
lization, and is reconverted to the lactone if boiled with water or by the 
.action of cold dilute mineral acids. 
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Matai-rc&inol is isomeric with piuo-rcsinol, the crystalline constii.uciit 
of the exudation resins of Pinus laricio and Picra vnlqaris isolated hy Max 
Bamberger (Monatshefte, ]89*4, vol. 15, p. 505). Pino-rosinoi also contains 
two methoxy and two hydroxy gioups, but experiments do not appear to 
have been made in order to aseertam if the substance is laclouic in (*ha- 
racler. Piuo-resinol dihVrs irom matai-resinol in having a higher melting- 
point and in yielding a very spaiingly soluble potassium-salt. 

(4.) The Totqm (Podoearpus totara). 

No heart-resin can bo observed in totara logs, but a crystalline bloom ” 
can often be detected on totara boards a few hours after leaving the planing- 
machinc. To investigate this substance, 1 cwt. of totara sawdust was ex- 
tracted with alcohol and the spirit removed by distillation. The residue 
was an amorphous mass easily soluble in organic solvents, but crystallizing 
with great difficulty from most menstrua. By spontaneous evaporation 
of the solution in light petroleum the substance is easily obtained in large 
crystals. The compound is neutral in leaction. and is not hydrolized l)v 
alcoholic potash ; it distils under diminished pressure without decomposi- 
tion. Analysis supports the formula 

In the investigation of this substance 1 have received much h<4p fi‘om 
Mr. George Bagley. 


Akt. IX. — Further Exforime^its on the Influmce of Arlesian Water on 

the Batching of Trout 

By C. Coleridge Farr, D.Sc., and D. B. Macleod, M.A. 

[Bead hffoie the Philosophical Institute of Oanterbuty, 19th October., 1910.\ 

The experiments here described w^ere ean-ied out in conjunction with the 
authorities of the Canterbury Acclimatization Society at their hatchery 
in Christchurch, and our thanks are due to the Acclimatization Society for 
the facilities they have oilered us, and to Mr. Charles Rides especially for 
the interest he has taken in aiTanging the eggs, &c., for us. 

The work conducted Iasi year (Trans. N.Z. Inst., vol. 42, 1909) showed 
conclusively that the artesian winter of Christchurch was fatal to a large 
number of fish confined in close proximity to the outflow of the well, and 
of those fish which survived only a very small proportion escaped pop-eye. 
Both these effec'ts disappear on aeration of the water, which was showji to 
contain an excess of nitrogen, a defect of oxygen, some carbon-dioxide, 
and radium-emanation in solution. 

It seemed likely from the experiments carried on last year that the 
'mortality amongst the eggs and also the development of “ blue swelling ” 
were troubles which were muiimized by aeration, and to clear up these 
points, and, iE possible, to throw some li^ht on the particular factor pi'oducing 
these effects, the experiments here described were made. 

The Acclimatization Society very kindly placed at our disposal for the 
experiments two sets of hatching-boxes, one containing five trays, with a 
fall from tray to tray, and the other eight trays, with a similar fall. In each 
of these thirteen boxes 2,000 wild ” brown-trout ova were placed undei 
the conditions known frSm experience in the hatchery to give the best 
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hatching results. Rcteveiice to the paper already icfeircd to will show 
that these conditions were entirely different fioni those adopted last year, 
when 7,5()0 eggs were placed in each of the five boxes of one of tliese sets, 
and the eggs were simply laid on the bottom ot the box. On this occasion 
the 2,<K)0 eggs were placed on a gauze tray at least an inch from the bottom, 
and the water circulated through the tray, flowing from the bottom upwaids. 
It is no doubt entirely due to these better conditions that the death-rates 
to be given are so low compared with last year’s, when the conditions wcm’c 
previously known to bo such as would prcyiuce great nioitality, both in the 
egg and yolk-sac stage. 

An examination of the radio-activity of the water of the top boxes in 
each set revealed the fact that whereas the activity of one set was 126, the 
same as last year, and expressed in the same units, the activity of the top 
box of the other set was only 78. As this difference existed between the 
Tdclio-actmty of the two boxes, a very careful examination of the gas- 
content of the two boxes was made. The results appended aie a mean of 
five determinations ot each box, and in no single case did the result differ 
appreciably from the mean. 
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Fakr and Macleod, - Arteakn WciTer and IJatchhuj of Trout. i)7 

A glance at theac figures will show that, while the two top boxes are 
practically identical in nitrogen-rontenl, that supplying the set of 
trays has a little less oxygen (046 c.(. per litre), but has an emanatioJi 
content 1*6 times that of the otlier. 

Under the headings “ Eggs” and “ Blue dwelling ” are given the numlnus 
of deaths as eggs, or in the yolk-sac stage due to blue swelling, as the case 
may be. The figures in brackets indicate the same (juantities in check 
boxes occupying parallel positions to those in th(‘ same square. Only <i 
few such parallel boxes were used in flu* one set oi trays. 

The last columns in each set are not strictly (‘ompaiable. They refer 
to the same (*lass of fry which were hatched fiom “ pond ” and not “ wild ” 
ova, and in the longer set of trays we had only a few eggs at the end of the 
hatching season to experiment with, and the results were raised to the 
2,500 basis for compariboii. The discussion of these figuies in coniuiKtion 
with last year’s results show, we think, that both the death of eggs and 
also blue swelling decrease as the water becomes more aerated, and this 
seems to be more the case in the set of five boxes than in the set of eight. 
It may not be consideied to be very marked as regards eggs in either set 
of the brown-trout ova, but it was very evident in the same set of boxes 
last year, when 7,500 eggs were hatched in each box. Taking the figures as 
they are, while it cannot be said there is any falling-off in the number of 
deaths in the eggs in the sot of eight boxes, there is a slight falling-off in 
the set of five boxes, and a distinctly greater mortality on the whole, 
especially in the boxes nearest the well. 

As regards blue swelling, whereas in both sets of rainbow fry, and in 
the set of five trays with the 2,000 brown trout, there is a marked falling-off 
from box to box, yet in the set of eight boxes it seems that the mortality, 
as with the eggs, is practically constant. 

It would appear that, taken as a whole, the figures obtained last ycai* 
and these indicate that both tliosc troubles are due to want of aeration, 
though it cannot, of course, be denied that some eggs would die even though 
river-water perfectly aerated were used. 

The hatching season is short, and the whole of the hatchery cannot, 
of course, be handed over to experiments of this kind, and hence the results 
are meagre, and conclusions as to the particular constituent in defect or 
excess which is the cause of the mortality must be drawn with caution. 

If it bo admitted that the mortality depends to some exteni on the 
aeration, then wt think it (*an only be due to d<‘fo{*t of oxygen or excess of 
radium-emanation. Besides th<‘ improbability of so inert a gas as nitrogen 
affecting the fish, the very small percentage differences between the nitrogen - 
contents of the two lop boxes would further reduce thi* jirobable effect of 
nitrogen. 

At present it is practically impossible to decide between a defect of 
oxygen and an excess of radium-emanation. Both these tend to disappear 
as the water is aerated, so that the two cannot be w'ell separated. 

We hope we may be able to perform crucial experiments by confining 
goldfish in a limited supply of water containing sufficient radium-salts to 
produce the emanation in quantities comparable with that in the wells. 
By such means one of the two factora could be eliminated. 
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Akt. X. — 'Notes and Descrijttions of New Zealand Lopidoptora. 

Bv E. Meyrick, B.A., F.R.S., F.Z.S. 

Commuiiicated by G. V. Hudson, F.E.S. 

PART I. 

{Read before the Wdlmgton Philosophical Society, Wednesday, 6th July, J910.'\ 

These notes are again principally based on material received from Mr. 
G. V. Hudson and Mr. A. Philpott, for whose kind assistance I am very 
grateful. 

Caradrintdae. 

Leucania epiastra n. sp. 

4t)-'14mm. Head and tborax light greyisli-ochreous, thorax \vith 
two pairs of fine oblique black lines or series of specks, prothorax witli strong 
triangular crest. Antennae in c? moderately fasciculate-ciliated. Alxloincn 
pale gre 3 dsh-ochreous with fine black specks, densely hairy towards base. 
Anterior tarsi with two apical joints black. Forewings light -brownish, 
with scattered black specks, towards base and costa suffused with light 
greyish -ochreous ; first line represented by two or three black dots, scicond 
line by a series on veins ; two white dots longitudinally placed about lower 
angle of cell, connected by grey suffusion ; a terminal series of black dots 
between veins : cilia light brownish-ochreous. Hindwings fuscous, paler 
and tinged with pale greyish-ochreous towards base ; cilia whitish-ochreous, 
tips whitish. 

Makara ; bred in October from larvae feeding in flowering-stems of 
Arundo conspicua (R. M. Sunley) ; two specimens received, through Mr. 
Hudson. 

Hydriomenidae. 

Chloroclystis melochlora n. sp. 

9. 20-27 mm. Head green. Palpi 2*2, green. Antennae in 5 witli 
two series of filanients bearing long fascicles. Thorax green, patagia spotted 
with black. Al)domen sreen, more or less dotted wnth black. Forewiugs 
triangular, costa somewhat sinuate in middle, apex obtuse, tormen bowed, 
oblique ; green ; striae represented by series of irregular black marks on 
veins and margins, partially edged with white posteriorly, but on anterior 
edge of median band anteriorly : median band broad, considerably narrowed 
towards dorsum, margins enn^ed, posterior with a sinuation above middle 
more conspictiously marked with black and edged with white ; a transverse- 
linear black discal mark ; subterminal line fine, waved, white, anterior edge 
strongly marked with black above middle : cilia green, barred with black. 
Hindwings with termen rounded ; ochreons-whitish more or less tinged with 
greenish ; sometimes some blackish dots on veins on dorsal half ; a waved 
subterminal line sometimes indicated by pale-greenish anterior margin : 
cilia whitish-greenish. 

Otira River (Hudson) ; in December : three specimens. A handsome 
species, only comparable with muscosaia, but with tennen of forewings more 



Metuick. — T o/es <nul Ue^aiptiou^ of X.Z. Le]>i(l(»i)tc‘ra. /59 

oblique, median band much narrower dorsallv. terinoii of liindwinj^H not 
crenatc, all wiiif^s without ^rcy suifnsion. 

Notoreas leucobathra ii. 

9. 21-25 min. Head and palpi yellowish mixed with blackisli hairs. 

Thorax blackish, patajiia lip,ht -yellowish with some bUick hairs. Abdomen 
black, sides suffused v^dth yellow, segmental maruins sleudorly white. Fore- 
wiiigs triangular, costa faintly sinuate, apex obtuse, termeii rounded, ratlun" 
oblique ; grey, suffusedly irrorated with bla(*kish, and much 7nixed with 
bronzy-yellowish, especially on veins ; lines moderately thick, white, sub- 
basal and first more slender, curved, median straight or somewhat angulnted 
in middle, second slightly curved outwards on upper sometimes rounded- 
angulated in middle, suhtorminal formed of a waved series of marks or 
reduced to a short mark from costa : cilia white, barred with grey mixed 
with blackish. Hindwings with ternien rounded ; colour and markings 
as in forewings, but lines sometimes pale ochreous-} ellowisli, subbasal and 
first absent, second more curved, subterniinal forming a secies of cloudy 
marks : cilia as in Corowings. 

Otira Eiver (Hudson), in December ; two 8pc<‘imens. This species, 
allied to the wrekatnfis and faradeijphn group, is at once easily distinguished 
from the other spec'ies of that group by the cilia, which are barred with 
white and dark bars to the base, whilst in otlicrs the basal half is wholly 
dark ; the markings are also different in detail. 

Notoreas isoleuca Meyr. 

After considerable study of this and allied forms 1 am disposed to re- 
instate it as a good species, distinct from mcchanitis. It is a smaller and 
shorter- winged insect (20-22 mm.) : blackish, with little or no yellowish 
admixture ; the lines white, first curved, second angulated in middle, others 
slender and sometimes parlially obsolete ; cilia with basal half dark fuscous, 
outer half whitish obscurely barred with grey. 

Arthur’s Pass (4-,(5(M) ft.), Castle Hill (over ‘1.000 ft.), in January. 

Notoreas mechanitis Meyr. 

This species is somewhat larger than th<* preceding (22 25 mm.), largely 
suffused with golden-yellow, whh'h <‘xtends bolli over ground-colour and 
markings, especially ou median area and subterminul liiK' ; cilia with basal 
half grey or dark grey, outer half whitish witliout burs. 

Arthur’s Pass (3,100 ft.), in January. In my original description I 
wrongly included examples from the higher levels at Arthur's Puss which 
were really referable to the preceding; this error was the cause of the 
subsequent confusion, which I think is now (‘leared up. 

Notoreas atmogramma n. sp. 

?. 25-27 inm. Head, palpi, and thorax black, mixed with whitish- 
ochreous-yellowish hairs and scales. Abdomen black, mixed on sides with 
whitish -yellow, segmental margins slenderly whitish. Fore wings triangular, 
costa straight, apex obtuse, termeii rounded, rather olilique ; dark fuscous, 
with a few scattered pale - yellowish scales ; lines cloudy, light - yellowish, 
subbasal, first (and second partially) whitish, first (*urved, median very in- 
definite, second angulated in middle, subterminal irregular: cilia white, 


*lJcit>yurh leucobathra. See Aclden<luui, i>. 08. 
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basal half luscons. Hindwinj^s witli tetmen rounded ; colour and markings 
as in forewings, but basal area iriorated with pale yellowish, siibbasal and 
first lines obsolete, second somewhat bent in middle : cilia as in forewings. 
Under-surface of all wings light ochroous-vellow ; first and second lines 
indistinctly indicated by whitish suffusion : forewinus wit li some incomplete 
cloudy blackish lines ; hindyfings with a blackish discal mark. 

Mounc Holdsworth, Taraiua Range, north of Wellington, i,(KX) ft. 
(Hudson) ; three &pe< imens. Referred to bv me previously (Trans. Ent. 
Soc. Lond., 1905, p. 221) as a geographical form of mechanitis : but I am now 
satisfied that it is specifically distinct. It is larger, more obscure, without 
the strong golden-}^ellow sufl'usion, and the hind wings are wholly yellow 
beneath except the black discal mark, whereas in mrehanitis they are marked 
with strong black lines. 


hi ONOCTENIAD.\ E. 

Dichromodes cynica n. sp. 

cj. 17 mm. Head, palpi, thorax, and abdomen 1)lackish-grey, slightly 
whitish-sprinkled, palpi 3J. Antennal pectinations 6. Forewings tri- 
angular, costa faintly sinuate, apex rounded - obtuse, termen obliquely 
rounded ; dark grey sprinkled with black and grey-whitish, veins partially 
sufifused with yellow-ochreous irroration ; lines obscurely indicated by 
whitish irroration, irregular, first somewhat sinuate, indented below middle, 
edged posteriorly with black irroration becoming broad towards costa, second 
slightly prominent near costa and dorsum, and with a moderate bidentate 
prominence in middle, edged anteriorly with black irroration also becoming 
broad towards costa, subterminal hardly traceable ; a small blackish trans- 
verse discal mark before second line : cilia dark grey, slightly sprinkled 
with black and whitish. Hindwings with termen rounded ; dark fuscous ; 
a fine indistinct grey-whitish curved post -median line, sinuate inwards in 
middle : cilia dark fuscous. 

Lyttelton (Hudson), in November ; one specimen. I have compared 
it with the t^’pe of niqer Butl., but the lines are differently formed. The 
New Zealand species of Lichrontodes appear to be scarce ; they arc probably 
very inconspicuous, and escape notice. 


('ltA.MUIDAE. 

Crambus schedias n. sp, 

J. 28 mm. Head white, sides of crowu and centre of face pale 
brownish-ochreous. Palpi -f, light brownish-ochreous, white above and to- 
wards base beneath. Antennal ciliations J. Thorax brownish-ochreous, with 
broad white central stripe. Abdomen pale whitish-ochieous. Forewings 
elongate, narrow, somewhat dilated posteriorly, apex obtuse, termen at 
fimt straight, little oblique, then rounded off ; bronzy-ochreous, deeper in 
disc ; a fine white line beneath costa on anterior half ; a rather narrow 
straight white median streak from base to termen ; a white line along dorsum 
from base to where it becomes broader and subdorsal, becoming obsolete 
about I ; four cloudy white lines towards costa posteriorly between veins : 
cilia ochreotis-whitish. Hindwings ochreous-grey-whitish ; cilia whitish. 

\Vellington (Hudson), in March ; one specimen. Nearest to callirrhous, 
but lighter-coloured, and without the more numerous, prolonged, and well- 
defined white intemeural streaks of that species. 
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Crambus thrincodes n. sp. 

o. 29 mm. Head white. Palpi 4, dark fuscous, white above and 
towards base. Antennal filial ions \. Thorax white, patapia sutlnsedly 
mixed with biownish. Abdomen pale yellowish - ochreous. Foi'ewin^s 
narrow, rather dilated posteriorly, costa gently inched, apex obtuse, termen 
slightly rounded, rather obh(|ue ; lif>ht oclireons-fuscous ; a l)road snfFused 
white costal streak, containina three elongate blackish costal marks, first 
reaching from base to second from middle to near J, third from to near 
apex ; first line indicated on white streak by posterior margin of fuscous 
iiToration, sharply angulated beneath costa, in disc wliite, incurved, edged 
with irregularly triangular blackish patches, bcneiith this obsolete ; a cir- 
cular white discal spot edged witli blackish and centred with a fuscous dot, 
placed in a white longitudinal streak which does not reach tirst or second 
lines ; second line between costal streak and dorsum white, slender, dentate, 
preceded in disc by some dark-fuscous irioraiion : cilia light greyish-ochreous. 
base suffused with white. Hindwings whitish -ochreoiis-yelloi\dsh ; a spot 
ol grey suHusion on costa lie fore apex ; cilia whitish-ochreous. 

Kaitoke, Wellington (Hudson) ; one specimen. A singularly distinct 
species, related to fJc'jruoseJJns and tuhnalis. 

Pyraustidak. 

Scoparia dryphactis n. sp. 

<J. 30-31 mm. Head and thorax pale ochreous, shoulders suffused with 
dark fuscous. Palpi pale ochreous sprinkled with dark fuscous, whitish 
towards base beneath. Antennae pale ochreous, ciliations Abdomen 
whitish-ochreous. Forewings very elongate-triangular, narrow at base, costa 
posteriorly gently arched, apex obtuse, termen slightly rounded, rather ob- 
lique; pale ochreous, tinged with browmish or mixed with light fuscous, 
especially towards termen, somewhat sprinkled with dark fuscous on veins ; 
a moderately broad streak of dark-fuscous suffusion along costa throughout ; 
a short ferruginous streak from base on fold, sun*ounded with dark-fuscous 
suffusion ; lines cloudy, pale, edged with fuscous suffusion, first oblique, 
second somewhat curved, indented beneath costa ; spots indicated by 
longitudinal patches of ferruginous suffusion, indistinctly outlined with 
dark fuscous : cilia whitish-ochreous mixed w'ith light fuscous. Hind- 
1§, with long hairs in cell ; whitish-ochreous tinged with grey ; cilia 
pale whitish-ochreous, with greyish subbasal line. 

Xyellin^on (Philpott), in February; two specimens. A very distinct 
species, allied to the group of cyameuta, 

Carposinidae. 

Carposina amalodes n. sp. 

$. 15-16 mm. Head and thorax white. Palpi 2|, white, dark fuscous 
beneath and towards base. Abdomen grey-whitish. Forewings elongate, 
rather narrow, posteriorly gradually dilated, costa gently arched, apex 
obtuse, termen slightly rounded, rather strongly oblique ; white ; a small 
blackish mark on base of costa ; a transverse ochreons-yellow line near 
base, marked with black at extremities ; a light-grey blotch irrorated with 
dark grey extending along dorsum from beyond this to f, and reaching 
more than half across wing, containing a yellow-ochreous ridge of scales 
much marked with black at and a yellow-ochreous spot in a white ring 
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at I ; a small blackish spot on costa beyond preceded by a black sub- 
costal dot sometimes marked with yellow -ochroous ; five small spots of 
blackish iiToratioii on costa posteriorly, and some suffused ^rey irroratioii 
beneath these ; two indistinct oehreous-vellowisli dots above middle of disc, 
and an undefined transverse yellowish streak in disc at surrounded with 
white ; a curvcd-anf 2 ,ulated subterminal streak of blackish irromtion, and 
some grey hroration towards termen : cilia white, indistiiKtly barred with 
grey irroratioii. Hindwings pale whitish-grey ; cilia white. 

Otha River (Hudson), in December ; two specimens. Very similar 
to contactella, and at present I have only females of each; distinct, how- 
ever, by the rather broader forewings, with termen less straight and some- 
what less oblique, the black costal spot beyond J and preceding subcostal 
dot (both of which are absent m contacfella), and the less-grey hindwings. 

Toutricidae. 

Pyrgotis eudorana Mevr. 

o. 18 mm. Head and thorax reddish-ochreous-fuscous, tlioracic crest 
ferruginous-ochreous. Antennal ciliations 1. Abdomen whitish-grey, anal 
tuft ochreous-whitish. Forewings rather elongate-triangular, costa gently 
arched, with moderate costal fold reaching apex obtuse, termen slightly 
sinuate, somewhat oblique ; fuscous-purplish indistinctly strigulated wntli 
dark grey ; costal fold brownish-ochreous strigulated w'ith grey ; a tri- 
angular apical ochreous-orange patch, marked with some dark-fuscous 
strigulae between veins and on costa, its anterior edge straight, running 
from 2 of costa to tomus ; central fascia indicated as an evenly broad band 
of darker suffusion preceding this : cilia reddish-ochreous-fuscous. Hind- 
wings pale grey, apical half ochreous-whitish ; cilia ochreous-whitish, on 
lower half of termen basally spotted with light grey. 

Kaitoke, AVellington (Hudson), in December ; one specimen. This 
species was described from a female only ; I feel little hesitation in referrinu 
the above to it as the other sex. 

Cnephasia microbathra n. sp. 

c?. 18 mm. Head, palpi, and thorax dark fuscous. Antennal ciliations 3, 
Abdomen rather dark grey. Forewings elongate-triangular, costa gently 
arched, slightly sinuate in middle, without fold, apex obtuse, termen hardly 
sinuate, somewhat oblique ; brown, closely strewm throughout with whitish- 
grey dots arranged in series ; a very small dark reddish-fuscous basal patch 
suffused with blackish, outer edge shghtly curved ; extreme costal edge 
whitish-ochreous with a few' dark-fuscous scales ; central fascia faintly 
darker, posteriorly rounded - prominent above and below middle, and 
anteriorly with an indefinite projection below middle, on costa foiming 
a semioval reddish-ochreous-brown spot wdth its costal edge blackish ; a 
fuscous spot beneath costa towards apex : cilia light brownish-ochreous. 
Hindwings and cilia rather dark grey. 

TTest Plains, Invercargill (Philpott), in September; one specimen. 
Though not conspicuous, this is a very distinct species. 

Eucos3^ni)AE. 

Bactra xystxota ii. sp. 

<J. 1^16 mm. Head and thorax whitish - ochreous. Palpi nearly 4, 
pale greyish-ochreous, whitish towards base beneath. Antennal ciliations 1. 
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Abdomen j>rcy, anal tuft whitish. Forcwings elongate, rather narrow, 
posteriorly slightly dilated, costa gently arched, without fold, apex round- 
pointed, termen slightly sinuate, rather strongly oblique ; pale ochroous 
sliglitly tinged with brownish, sometimes partiilly sufliised with whitish 
on costal third, veins sometimes marked witli fine fuscous linos, sometimes 
with a few S(*attered Idack scales ; some dots of dark-fuscous scales on dor- 
sum ; an undefined median streak from base to apex more or less indicated 
by dai'kcr suffusion or fuscous irroration , a dark-fuscous discal dot on 
lower angle of cell : cilia pale ochroous. liiudwings grey ; cilia whitish, 
with grey subbasal line. 

Invercargill, on coast sandhills (Philpott), in January , two specimens. 

Gelbchiadae. 

Gelechia glaucoterma n. sp. 

cJ. 9-10 mm. Head ochrcous-wliitish, back and sides of crown suffused 
with grey. Palpi ochroous-whitish, terminal joint shorter than second. 
Antennae dark fuscous. Thorax dark grey mixed with lilacldsli. Abdomen 
light grey, segments 4-6 somewhat blackisb -mixed, segmental margins 
whitish. Forcwings elongate, narrow, costa sliglitly arched, apex acute, 
termen extremely obliquely rounded ; dark grey ; an oblique bar of white 
suffiision from costa at J, reaching half across wing, accompanied with 
some w'hitish-ochreous scales, sometimes tending to extend along costa to 
base ; an undefined patch of blackish suffusion in disc beyond this, repre- 
senting first discal and plical stigmata, and a rather large roundish black spot 
representing second discal, with more or less whitish irroration between 
these and on margins of second discal ; a white patch ocoupybig apical 
fourth, mixed with dark grev or dark fuscous towards apex, anterior edge 
irregularly indented in middle : cilia whitish, with an interrupted fuscous 
subbasal line. Hindwings 1, grey-whitish, apex greyer ; cilia whitish. 

Invercargill, on coast sandhills (Philpott), in January ; two specimens. 

Oecopuoridae. 

Borkhausenia paratrimnia n, sp. 

cJ. 14-15 mm. Head and thorax ochreous-fulvous. Palpi and antennae 
dark grey, antennal ciliations 1. Abdomen grey. Forovungs elongate, 
rather narrow, costa gently arched, apex round-pointed, termen very 
obliquely rounded ; ochr<‘ous-fulvous, somewhat sprinkled with grey, to- 
wards all margins suffused with grey irroration ; two olJitjue fasciae of grey 
irroration crossing plical and second discal stigmata, wJiich arc marked 
on them as indistinct cloudy darker dots : (*ilia ochreous-fulvous irrorated 
with grey. Hindwings and cilia grey. 

^ InvercargiU (Philpott) ; two specimens. A distinct though incon- 
spicuous species, which may be regarded as an ('arly form of the siderodeta 
group. 

Borkhausenia nycteris Meyr. 

9. 17 UGim. Head and thorax dark bronzy-fuscous, somewhat mixed 
with light ochroous. Palpi dark fuscous mixed with pale ochreous, second 
joint with erect projecting scales beneath. Abdomen dark brown, sides 
and margin of segments dark grey. Forewings bronzy-brown, base of 
scales dark fuscous, towards base of costa and in middle of disc mixed with 
yellow-ochreous ; a yellow-ochreous blotch extending along basal of 
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dorsum, its extremities ou‘v ; stigmata black, plical obliquely before first 
discal, connected by a black mark with extremity of preceding dorsal blotch, 
and edged beneath by a -v^liite dot ; an indistinct spot of whitish suffusion 
beneath costa towards luse and a larger and more defined one on costa 
before middle ; a white streak connecting second discal stigma with dorsum 
before tornus, preteded on dorsum by a black mark ; apical third suffused 
with vellow-ochreous, including a subteiminal shade of dark brown and 
blackish iiroiatioii sharply indented beneath costa, partially edged witli 
whitish suffusion, especially towards costa : cilia light ycllow-ochreous, 
towards apex and tonms suffused with dark grey, beneath tornus with n 
white mark. Hindwings grey ; cilia grey, wdth darker subbasal line. 

This handsomely variegated female was taken by Mr. Hudson in cop. 
with a normal dark-fuscous male, to which it is superficially very dissimilar ; 
both sexes, however, agree in the peculiar erect projecting scales of the 
second joint of palpi (not noticed in my original description), and could be 
separated from all others known to me by this character alone. My origimil 
description is stated as including the female, but I think this must be an 
error ; at any rate, all the specimens in my series are males. Taken at th<^ 
Otira River by Mr. Hudson ; previously from Wellington and Invercargill. 

Borkhausenia plaigiatella Walk. 

Tinea plagiatella Walk., Cat., vol. 28, p. 485 ; Gelechia contextrlln. 
lb., vol. 29, p. 656. 

o ?. 16-17 mm. Head ochreous-whitish, face sometimes yellower. Palpi 
white, second joint dark fuscous except towards apex, terminal joint some- 
times sprinkled with dark fuscous in middle. Antennal ciliations almost 1. 
Thorax whitish-ochreous sometimes yellowish-tinged, shoulders dark fuscous, 
sometimes dorsally sufiused vath. fuscous or marked with dark fuscous. 
Abdomen grey. Fore-wings elongate, rather narrow, costa gently arched, 
apex romid-pointed, termen very obliquely rounded ; white ; markings 
brownish-ochreous irrorated -with blackish or dark fuscous : a fascia from 
base of costa above fold to plical stigma : costal blotches at middle, and 
f, last sending a curved dark-fuscous line to tornus ; discal stigmata black, 
second crescentic, filled with ochreous-yellowish beneath, plical represented 
by an oblique black mark above which is some ochreous-yellowish suffusion ; 
a dorsal blotch of ochreous-vellowisli suffusion towards base ; a triangular 
patch of ochreous suffusion occupying middle of dorsal area, irrorated with 
blackish posteriorly; a fascia of ochreous-yellowish suffusion variably 
sprinkled with dark fuscous running from middle costal blotch to tornus ; 
an irregular apical spot more or less produced along termen : cilia whitish- 
yellowish, -with apical and tornai blotches of dark-fuscous irroration. Hind- 
wings and cilia grey. 

Wellin^on, Otira River (Hudson), Nelson, in December and January ; 
eight specimens. Distinguished from its nearest allies, contextella Meyr. 
and Jiemimochin, by the well-marked partial yellowish suffusion of fore- 
wings and grey hindwings. 

Borkhausenia contextella Me^ur. 

Oecophora contextella Meyr. (wee Walk.), Trans. N.Z. Inst., 1883, 
p. 37 

5 $. 14-17 mm. Hindwings and cilia should be described as grey- 
whitish. This species is. so fer as I can determine from an examination 
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of the not tlio true context ell a Walk., which, as shown above, is u 

synonym of plagiatelht, but under these eircumstances may still be knowu 
as contextella Meyr. ; the absence of the yellow dorsal blotch and other 
yellow suffusion, and the i>rey-wbitish liindwinf»s, distinjiuish it from 
plagintelln. The geo£>raphical range is apparently qiiite distinct — viz., 
from Christchurch to Invercargill. 

Borkhausenia amnopis n. sp. 

?. 16 -17 nirn. Head whitish-ochreous, sides and back of crown sprinkled 

with fuscous. Palpi mode]*ate, whitish-ochreous irrorated with dark fuscous, 
apex of joints ochreous-whitish. Thorax fuscous irrorated with ochreous- 
whitish, sometimes with dorsal area whitish-ochreous. Abdomen brownish, 
heginenlal margins whitish-ochreous. Porewings elongate costa genth' 
arched, apex round-pointed, termen almost straight, rather strongly oblique : 
whitish-ochreous iiTorated with fuscous ; an undefined band of brown suffu- 
sion and dark-fuseous irroration from base of costa to an oblique raised 
black mark representing plical stigma, posteriorly whitish-edged ; discal 
stigmata formed of black irroration, second rather large, subannular ; a 
subtriangular spot of black irroration on dorsum at |, posteriorly whitish- 
edged ; a fascia of brown suffusion irrorated with dark fuscous running 
from { of costa across second discal stigma to tornus, edged with whitish 
anteriorly on lower half ; a subterminal line of black irroration edg<»d 
anteriorly with whitish suffusion, indented beneath costa : cilia whitish- 
ochreous beneath apex and on tornus with patches of fuscous and dark- 
fuscous iiToration. Hindwings grey ; cilia light grey, with darker sub- 
basal sliade. 

Invercargill (Fhilpott) ; two specimens. Somewhat intermediate be- 
t'ween the groups of (jriseata and plagiatella. Though obscure and liable to 
be passed over, it is not very, close to any other species. The black sub- 
terminal line, more sharply indented than usual, is a noticeable character, 

Borkhausenia asphaltis n. sp. 

o . 22 mm. Hoad, palpi, and thorax purplish-grey ; antennae pubes- 
cent-ciliated (IJ). Abdomen grey, segments dorsally dark brown oxcepi 
on margins. For<»wing,s (‘longnte, rather narrow, slightly dilated posteriorly, 
costa gently arched, apex obtuse, termen very obliquely rounded ; grey, 
wixh scattered purplish scdles, indistinctly suffused with dark-liiscous iiTora- 
tion towards base and anterior half of costa and on a triangular tornal patch ; 
some scaLtered dark-fuscous scales towards dorsum ; stigmata blackish, 
pineal hardly before first distal ; traces of a (*urved indented cloudy darker 
posterior line : cilia grey tinged with purple, on costa paler and suffused 
%rith rosy-purplish. Hindwiugs grov, darker posteriorly ; cilia grey, tips 
grey- whitish. 

One specimen received from Mr. Philpott ; exact locality unknown. 
It is allied to schohtea, hut distinct. 

Trachypepla ingenua n. sp. 

J. 18 mm. Head rather dark fuscous irrorated with whitish. Palpi 
dark fuscous, second joint sprinkled with white towards apex, terminal 
joint white with two bands of dark-fuscous irroration. Antennal ciliations 
1 J. Thorax dark fuscous. Abdomen brownish finely irrorated with whitish, 
segmental margins whitish-grey. Forewings elongate, rather narrow, costa 
moderately arched, apex obtuse, termen very obliquely rounded ; white ; 
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a dark purplish-fuscous basal patch occupying ^ of wing, ouior edge straight, 
mixed with chcstnut-hrowii towards edge from above middle to near dorsum ; 
some scattered grey scales in disc beyond this ; an irregular-triangular 
dark purplish-fuscous blotch on costa beyond middle, le.K'limg more than 
half across wing, posterior edge excavated beneath costa, its lower poition 
mixed with chestnut-brown ; a ring oi dark-fuseous iiroiation preceding 
apex of this blotch in disc, and partly limiled by it ; a narrow transvers(‘ 
sirffused giey patch in disc following this ; a cuived cloudy line ol dark- 
fuscous irroration from 1 of costa to tornus, forming a triangular dark- 
fuscous spot on costa, and indented beneath this : cilia whitish, j-ound 
apex tinged with grey and somewhat sprinkled with dark fuscous. Hind- 
wings light grey ; cilia w'hitish. 

Otira Elver (Hudson), in December ; one specimen. Neaicst nycto'pis, 
but very distinct. 

Trach3rpepla amorbas n. sp. 

$. 19 mm. Head, palpi, and thorax dark fuscous irrorated with whitish, 

second joint of palpi beneath with rather long dense projecting hair-scales. 
Abdomen dark brown, segmental margins whitish. Forewings elong.ite, 
rather narrow, costa slightly arched, apex rounded-obtuse, teinicn obliquely 
rounded : dark fuscous, finely irrorated with whitish on basal third, costal 
patches at I and % and two or three small costal spots posteriorly, *ujd 
slightly elsewhere ; stigmata forming small tufts, discal edged above witli 
brownish-ochreous, pheal beneath first discal, second discal united with a 
similar tuft beneath it and both edged posteriorly by a whitish line ; an 
indistinct curved subterminal line mdicated by wdiitish irroration : (*iha 
fuscous, with dark-fuscous subbasal shade. Hindwrings dark fuscous ; cilia 
as in forewings. 

Invercargill (Philpott) ; one specimen. This species is distinguishable 
structurally from the rest of the genus by the peculiar scaling of palpi, hut 
it does not seem necessary to separate it. 

Trachypepla lichenodes Mcjt. 

D 14:“15 nim. Antennal ciliations of <J 4. Light-yellowish markings 
of forewings variable in development ; anterior dorsal blotch sonietimi s 
wholly absent ; subterminal line sometimes reduced to a series of dots, 
sometimes continuous and enlarged into a blotch on costa. 

Otira Eiver (Hudson) ; three specimens. 

Gracilaeiadae. 

Gracilaria elaeas n. sp. 

d ?■ 12-14 mm. Head and thorax light-brownish, more or less mixed or 
suffused with whitish. Palpi rather stout, w'hitish, terminal joint suff'used 
externally with dark grey. Antennae wldtish ringed with dark fuscous. 
Abdomen ^ey. Forewings very narrow, elongate-lanceolate ; brotvnish- 
ochreous with a strong brassy-yellowish gloss ; in one specimen the wing 
is suffused with deep purple, except a moderate dorsal streak and costal 
edge ; more or less numerous variable deep purple-fuscous dots arranged 
along fold, and in ap. irregular longitudinal series above middle ; some 
dark purple-fuscous irroration towards apex: cilia brownish-ochreous, on 
an apical bar sprinkled with dark fuscous. Hindwings and cilia grey. 

Castle Hill ; bred in February from larvae feeding in January between 
spun leaves or shoots of Coriaria ruseijoUa, thijmi folia, and angustissima ; 
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twelve specimens. I have now recognized that this insect, which I formerlv 
recorded as identical with linearis, is a good and distinct species, easily 
separated by the grey hind wings, and also differing in several other re- 
spects. It is interesting to note that the food-plant is highly 

poisonous. 

Gracilaria linearis Biitl. 

(S $. 13-15 mm. Head and thorax brownish, sometimes with lilac 

reflections, face whitish-ochreous. Palpi rather stout, ocliroous-whitish, 
terminal joint suffused externally with dark fuscous. Antennae whitisli 
ringed with dark fuscous. Abdomen pale whitish-ochreous. Forewings 
very narrow, elongate - lanceolate ; ochreous - brownish, sometimes wit Ji 
purple reflections, more or less strewn irregularly with small scattered dark 
purplish-fuscous dots or strigulae ; costal area sometimes tinged with brassy- 
yellowish anteriorly *, a triangular ante-median costal patch slightly paler, 
edged with several variable dark purplish-fuscous dots or marks ; some 
dark-fuscous irroration towards apex : cilia whitish-ochreous, round apex 
more or less brownish-tinged and irrorated with blackish. Hindwings 
and cilia ochreous-whitish. 

Wellington, Otira Kiver, in January ; four specimens. Immediately 
known by the ochreous-whitish hindwings, and always perceptible triangular 
costal patch. Butler’s types include one example of each species, but his 
description mentions the “ white ” * hindwings, which fixes the identifi- 
cation. As recorded above, the larva which I described as belonging to 
this species was really elaeas : the actual larva is unknown. 

Plutellibae. 

Simaethis colpota n. sp. 

$. 13 mm. Head and thorax dark bronzy-fuscous sprinkled with 

whitish. Palpi with whorls of dark-fuscous scales tipped with white, second- 
joint with rough projecting scales, whitish towards base beneath. Antennae 
black ringed with white. Abdomen blackish-fuscous, segmental margins 
brownish. Forewiugs elongate, rather dilated posteriorly, costa slightly 
arched, apex obtuse, termen bowed, rather oblique ; dark bronzy-fuscous, 
basal and terminal areas finely sprinkled with whitish ; two parallel rather 
curved irregular transverse lines of whitish irroration about ; a transverse 
line of whitish irroration fi’om a white mark on costa at i*, its upper § forming 
a strong irregular curve outwards, thence right-angled to dorsum at ij ; a 
transverse linear mark of whitish irroration terminated beneath by a white 
dot lying within this curve and almost touching it at both ends ; a thick 
subterminal shade of whitish irroration, somewhat interrupted above 
middle : cilia dark fuscous with some wldtish points, beneath apex and 
above tomus with white apical patches. Hindwings dark grey, terminal 
half blackish ; two parallel lines of whitish irroration towards termen on 
lower half, posterior less marked : cilia dark fuscous with blackish subbasal 
shade, beyond this suffused with whitish on lower half of termen. 

West Plains, Invercargill (Pliilpott), in March ; one specimen. Allied 
to comhinatana, but very distinct by the discal mark and form of second 
line. 

Glyphipteryx bactrias n. sp, 

S- 14-15 mm. Head and thorax light ochreous-bronzy. Palpi whitish- 
ochreous, second joint with oppressed scales, with two blackish rings towards 

3 * 
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apex, terminal joint with blackish anterior line. Antennae dark fuscous. 
Abdomen blackish-grey, apex whitish. Forewings elongate, rather narrow, 
costa gently arched, apex produced into a long slender acute projection, 
termen beneath this sinuate-indented, thence veiv obliquely rounded ; 
ochreous-bronzy ; a moderate white median longitudinal streak from l)uso 
lo termen beneath apex, terminated by a shining leaden-metallic mark 
extending along median portion of termen : cilia greyish, base ochreous- 
bronzy, on costa mixed with dark fuscous, with three whitish wedge-shaped 
marks, round apical projection dark fuscous, -with tw'o silveiy- whitish dots 
on its lower edge near base. Hindwings and cilia blackish-grcy. 

Invercargill, on coast sandhills (Philpott), in January ; two specimens. 
Very distinct. The form of forewings is unique in the genus. 


Tinea astraea n. sp. 


Ttneidae. 


9. 12 mm. Head dark fuscous mixed with white hairs. Palpi wliite, 
bristles dark fuscous, terminal joint dark fuscous except apex. Antennae 
blackish lined with white. Thorax blackish, margins of patagia marked 
with fine white lines. Abdomen bronzy-fuscous, segmental margins white 
on sides. Forewings elongate, rather narrow, costa gently arched, apex 
obtuse, termen extremely obhquely rounded ; all veins separate ; blackish ; 
apical 4 bronzy-fuscous ; five tine white longitudinal lines from base in disc, 
second and third reaching to near middle, others shoiiier ; two very short 
white marks on costa near base ; pairs of oblique white streaks from costa 
at J and middle, reaching half across wing ; pairs of shoit broken ochreous- 
w^hitish streaks from dorsum at and ^ ; posterior area with four or five 
less-oblique diminishing white streaks from costa, and three iridescent silver}^- 
whitish from tornus and termen, nearly meeting in disc : cilia whitish- 
bronzy, with a black basal line interrupted by silvery dots beneath apex 
and in middle of termen, and posterior half suffused with dark fuscous. 
Hindwings grey, with purplish reflections ; cilia grey, with dark-grey basal 
line. 


West Plains, Invercargill (Philpott), in December ; one specimen. A 
very remarkable insect, superfcially quite unlike any other of the genus. 
The general type of marking suggests a Glyphipteryx (to which, of course, 
there is structurally no relationship), and I was disposed to suspect mimicry, 
hut there is no close similarity to any New Zealand species known to ine, 
nor is it a likely e^lanation in this instance ; it is an interesting case, de- 
serving of special investigation. 


Addendum. 

Mr. Hudson has since informed me that the male of the species described 
above as ^otoreas leuedbathra has not pectinated antennae ; it should 
therefore be referred to the genus Dasyuris, 

The following three species, forwarded to me by Mr. Hudson, and cap- 
ture in the first instance by Mr K. M. Sunley, can only be regarded as 
accidental introductions. In no case are the circumstances sufiSciently 
knowm to make their occun^ence comprehensible, and further investigations 
should be made to explain this. All three axe alike unexpected, but where 
so much is unknown all things are possible. 
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Gblech'Apae. 

St/mmoca quadnpuncta Haw. : Meyr., TIandb. Brit. Lcp., p. 611. 

Nelson, in Febriiarv (Sunley). A British species, widely distributed in 
the European region ; not known from Australia. 

Oeoopuoridae. 

PMoeopoh conjusella Walk. : Meyr., Proc. Linn. 8oc*. N.S.W., 1883, p. 354. 

Nelson, a series (Suuley) ; AVellington, one specimen (Hudson). Common 
in New South Wales and Victoria, on trunlcs oi Eucalyptus. I suspect the 
laiwa feeds in tlie bark. If this is so, the species might have been introduced 
■with trees, but I should not exj^ect to find it on saplings such as would be 
transplanted. 

Tineidae. 

Opogona comptdla Walk. : Meyr., Proc. Linn. Soc. N.S.W., 1897, p. 416. 

Nelson, in February (Smiley). Common in south-east Australia. Its 
larval habits are unknown, but the larvae of other speci<*s of the genus 
feed in dead woody fibre, in such varied situations as th(‘ stems of plants 
and the nests of Termites (white ants). 


PART n. 

[Emd hefoic the Welhngfon Philosophical iJociety, 5th Ortohet, 1910.] 

For the specimens here described I am principally indebted to my valued 
coi respondents Messrs. 6. Y. Hudson, A. Philpott, and R. M. Sunley, but 
have also discovered one or two overlooked species from my own collec- 
tion. 


Caradkinidae. 

Dasygasfer Gii. 

This genus, allied to Leuennia, is recognisable by the abdomen, which 
ajipears unusually thick from beinu expanded at the sides with fringes 
of dense hair, longer in c? ; it has a dorsal crest on basal segment. The 
genus is characteristic of Australia, and includes half a dozen species, of 
which one has now been found in New Zealand. 

Basygaster hollandiae 6n, 

Dasygaster hollandiae Gn., Noct., vol. 1, p. 201 ; Hamps. Cat., 
yoL 5, p. 476. B. leucanioides. ib., p. ^2. Oraphiphora facilis 
Walk., Cat., vol. 11, p. 745, 

One specimen received from Mr. A. Philpott, taken at Waipori in 
January, 1889. The species is common in south-east Australia and Tas- 
mania, and is doubtless a recent immigrant to New Zealand, very possibly 
accidentally introduced by man. I should add that the specimen has lost 
its abdomen, but I showed it to Sir George Hampson, and we arc agreed 
as to its identity. 
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Leucania lissoxyla ii. sp. 

(J. 38 mm. Head light brown. Antennal shaft grey, beconiino whiti&li 
towards base, pectinations a -A, &3, terminating bristles minute. Thorax 
clothed with haim, pale ochreous, more brownish anteriorly. Abdomen 
whitish-ochreons. Forewings elongate-triangular, apex rounded-obtuse, tcr- 
men rounded, rather oblique ; light brown ; vein 16, upper and lower mar- 
gins of cell, and veins 2-4, 6-8, and apical third of vein 5 maj‘k('d witli ]in<‘s 
of mixed blackish and whitish scales ; faint streaks of pale- 0 (*hreons suftii- 
sion beneath cell and between veins 5 and 6 : cilia pale ochreous, tinged 
with brownish towards base, tips whitish. Hindwings grey : cilia wliitish- 
ochreous, tips whitish. 

Mount Arthur tableland, 4,000 ft., in February (Hudson) ; one sp(M*i- 
men. but Mr. Hudson has a second (9) from same locality. Closely allied 
to unioa and ioroneura, but these three species are undoubtedly distinct, 
the structure of antennae in c? being different in each — viz., nnica, pecti- 
nations a 2, 6 1 J, terminating cilia long, shaft ochreous- whitish ; toyoneurn, 
pectinations n 3, 6 2, terminating cilia moderate, shaft wholly wliitc ; //>- 
soxyla. as described above. 

Hyssia 6n. 

I think this genus maybe adopted as defined in Hampsou’s Catalogue, 
vol. 5, p. 278. 

Hyssia inconstans Butl. 

One female specimen received from Mr. A. Philpott, taken at Welling- 
ton in November. I have carefully compared it with the original type, 
and it is undoubtedly identical, and a good species. The second example 
(cJ), however, referred to by Sir 6. Hampson is in my judgment certainly 
only a male of moderata, and therefore the male characters assigned by him 
must be disregarded, and the true male remains to be discovered. The 
species appears to be scarce, but the group is so difficult, owing to the 
similarity of the species, that it may be overlooked. 

Hyssia falsidica u. sp. 

?. 43 mm. Head whitish mixed with grey and blackisli. I'hotax grey 
mixed with whitish. Abdomen ochrcous-grey-whitish. Forewingg rather 
elongate-triangular, apex obtuse, termeu slightly waved, obliquely rounded ; 
fuscous-gi'ey, mostly overlaid with white suffusion ; subbasal line (*loudy, 
dark fuscous, not reaching dorsum: first and second lines indistinctly 
margined with dark-fuscous irroration, first slightly curved, second waved, 
strongly curved outwards on upper | : median shade of dark-fuscous irro- 
ration, bent near costa ; orbioular-subovai, whitish, edged laterally with 
dark fuscous ; reniform whitish, lower third tecous-grey edged with whitish : 
anterior edge of subtenninal line formed by a waved shade of dark-fuscous 
irroration. Hindwings fuscous. 

Mount Arthur tableland, in February (Hudson) ; one specimen, in 
rather poor condition. Mr. Hudson possesses others, also poor, but the 
species seems sufficiently distinct. 

HyDRio:nExiDAE. 

Tatosoma Butl. 

I am indebted to Mr. A. Philpott for calling my attention to the fact 
that two (or, as I find on examination, three) species have been confused 
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by me under tbe name of aqriomta. Tlicpe are now cLarurterized below as 
follows ; besides these, Icstemta Walk., timoia Mcvi*.. and (opla Pliilp. are 
i»ood species, making six altogether. 

Tatosoma agrionata Walk. 

Vidana aqnonata Walk., Cat., p. 1417. C. inrlinatana, p. 1418. 

Saun’s mistata Feld., Reis. Nov., pi. 131, p. 12. 

This and the next species are extremely similar in colour and markings, 
but in afjrwnata tbe black markings on the stiiai* of foi*ewiiigs are more 
strongly developed, especially on the subterminnl line, where they form 
strong dashes, and above dorsum towards base ; the loiewings are also 
somewhat less elongate ; an immediate distinction is Ininished by the 
lobe of the hindwings in which is nearly twice as large as in tipulata, 
reaching from the base to nearly the middle of the wing in length. 

I have this species fi’om Christchurch, and Mr. Phil})otl sends it from 
Wallaeetown. 

Tatosoma tipulata Walk. 

Cidaria fipulaia Walk., Cat., p. 1417. C. collcciana, ib., p. J419. 

Tatosoma agrionata l-fuds., N.Z. Moths, 40, pi. 6, pp. 20. 27. 

Forewings moie elongate than in agrionata, loss marked with black ; 
hijidwings in <? Avith lobe not exceeding I of hindwings in length ; abdo- 
men of ^ more elongate than in agrionata, but less so than in (imora, 

I have examples from Wellington and Nelson, tuid Mr. Philpott sends it 
also from Wallaeetown. 

Tatosoma transitaria Walk. 

Cidaria transitaria Walk., Cat., p. 1419. 

This is a distinct species, of which both 'sexes are represented in the 
British Museum collection, but otherwise not known to mo ; somewhat 
smaller than the two preceding, forewings duller, more grey-green, striae 
more obseme, with a characteristic distinct cloudy small whitish spot at 
lower extremity of transverse vein, hindwings smaller, rather daik grey, 
lobe in cJ hardly larger than in tipvhta. 

Hydriomena lithurga n. sp. 

c?. 25 mm. Head and Ihoiax pale tfroyish-ochioous mixed wiUi whitish, 
tiansversely barred >vith blackish-groy sulTiision. Palpi li, bhickish-groy, 
lower longitudinal half whitish. Antennae somewhat " stont, shoitly 
ciliated (p. Abdomen pale greyish-ochroons, mixed on sides with dark grey 
and whitish, segmental margins white j)7eceded by a black juark on each 
side of hack. Forewings triangular, costa rather strongly aichcd towards 
apex, apex obtuse, termon rather obliquely rounded, crenate ; pale groyish- 
oebreous, marked with indistinct waved striae of grey iiToration becoming 
blackish oii costa ; margin of a small basal patch indicated on lower half 
by a blackish stria edged with white posteriorly ; median band formed by 
two fasciae of several rather irregular suffused grey striae each, well marked 
except beneath costa, margins marked with black edged exteriorly with 
white except near costa, anterior margin tuice sinuate, posterior with median 
third forming a rather strong subtriangular obliquely bilobato proniinence ; 
a transverse-linear black slightly wliitish-edged discal dot on anterior of 
these fasciae ; subterminal line of ground-colour, sleiider, strongly waved, 
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preceded by some i>rey suiJiisioii towards dorsum and <ibove middle, mucI 
cut by an oblique dark-grey streak from apex marked with blackish ; a 
fine black terminal line : ciba whitish with two grey shades, with undefin(‘d 
dark-grey bars. Hindwings mth termeii rounded, < reiiate ; grey-whitisli, 
median band and subterminal line indicated by faiiil giey striae obsolcMt* 
tow’-ards costa ; a blackish-grey linear discal dot , cilia as in iorewings, bur 
dark markings nearly obsolete round apex. 

One specimen received Irom Mr. E. M. Sunley, reared from piip<i in loos(^ 
cocoon beaten fi‘om ^luehlmbeckia, Makara Beach, in November. 

Xanthorhoe cedrinodes n. sp. 

cJ ?. 40 mm. Head and thorax dark grey mixed with brown -reddisiu 
Antennal pectinations in « 2, 6 1^. Abdomen grey. Eorewings tri- 
angular, costa moderately arched towards apex, apex obtuse, termeii wmv('d, 
slightly rounded, rather oblique ; reddish-fuscous, more or less sprinkled 
with black, tending to form curved waved transverse striae ; costa marked 
irregularly \vith black ; a cuiwed band of several pale whitisli-ochrcous 
striae separating basal patch and median hand, former edged with blackish 
and both slightly with w'hite ; median band broad, variably marked wuth 
black on edges and veins, middle thii‘d of posterior edge Joi’ming a moderate 
obtuse double prominence, partially finely edged with w^hite postoriojiy ; 
beyond this a band of two or three cloudy pale whitish-ochreous striae, 
veins on this marked with black ; siibterminal line slendei^, waved, indis- 
tinct, pale whitish-ochreous ; a black terminal line marked with ochreouft- 
whitish dots on veins : cilia dark fuscous mixed with hrown-reddish and 
whitish. Hindwdngs with termen somewhat rounded, cienatc ; pale rosy- 
greyish-ochi’eous, with traces of faint grey stiiae ; posterior edge of median 
band more marked, angulated in middle, blackish-sprinkled towards dorsum ; 
some reddish-fuscous suffusion along termen : a black terminal line : cilia 
reddish-fuscous mixed with ochreous- whitish and dark grey. 

Mount Arthur tableland, 4,200 it., on Veronica blossoms at night, in 
Eebruaiy (Hudson) ; two specimens. 

Xanthorhoe practica n, sp, 

<J. 24 mm. Head, thorax, and abdomen fuscous- wliilish mixed w’ith 
black and browm -reddish. Antennal pectinalions ci 7, b 6. Forowings 
triangular, costa moderately aichcd posteriorly, apex obtuse, tonnen slightly 
waved, somew’hat Ijowed, oblique; light o< hieous-grey sprinkled wiih 
dark fuscous; basal patch mixed with biowni-reddish and w'hile, W'itli 
several blackish striae, outer edge slightly curv'ed, sepaiatod from modini 
band by a nanow whitish fascia; median band moderately broad, gi(*y 
edged with Iw'o fasciae of three black striae each wdth their intei’spaces 
suffused with brown -reddish, first hardly ciuTcd, second somewhat in'egular, 
nearly straight : a minute black diseal dot ; a fascia of two or three whitish 
striae following median band ; subterminal line slender, waved, whitish, 
antenoriy dark-edged, and a similar siria near before termen ; a blackish 
terminal line : cilia grey-whitish mixed with brown-reddish and obscurel}’ 
haired with dark fuscous (imperfect). Hindwings with termen hardly 
waved, rounded ; pale grey mixed with whitish, with waved grey striae, 
towards dorsum more distinctly striated with blackish and tinged mth 
brown-reddish, '%'ith two distinct white striae beyond middle ; a bkekish 
terminal line j cilia whitish spiinkled witli dark fuscous (imperfect). 

Motueka, in Januaiy (Hudson) ; one specimen. 
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Xanthorhoe prymnaea ii. ^p. 

^ $. 32-35 mm. Head and thordx yellow-ocliTcous, shoulders mixed 
\\ith feiru^inous and dark fuseoiis. Antennal pectinations in c? ^ 6, 5 4. 
jAbdomcn oclireous - yellowisli. Forewings triangular, (‘osta posteriorly 
moderately arched, apex obtuse, teimen waved, rounded, oblique ; ochreous- 
V(41ow ; a small basal patch lormed by three or four more or less marked 
strongly cuived red-brown striae, maiked with black on costa ; median 
band enclosed ])y fasciae formed of one inner and two confluent oiiter rather 
waved dark red-brown striae marked with black on costa and on edges of 
band, sometimes connected below middle, anterior lascia nairow, somewhat 
ii regularly cuived, posterioi moderately broad, daik and strongly marked 
posteriorly and somewhat edged with whitish suflusion, median third forming 
a broad obtuse double prominence, these fasciae in ^ little marked except 
on edges of band ; a black discal dot between these fasciae, space round 
it somewliat wliitish-tinged , terminal area more or less tinged or striated 
with led-brown, including a slender waved white oubterminal lino edged 
^interiorly wdth fuscous suffusion, with an oblique snbapical ])atch of dark 
suffusion : cilia ( rimson-liiscoiis, outer half barred with dark fuscous altei- 
luting with paler suffusion. Hindwings with termen roiiiidod ; ochreous- 
yellow ; a small linear dark-grey discal dot ; trai es of two or thiee short 
grey strigae on dorsum; a fine dark-fuscoiis tei rninal line: cilia crimson- 
grey, indistinctly daiker-barrcd. 

Mount Arthur tableland, common in limestone vall(‘ys, 3,()(X)-4,2()0 ft., 
ill February (Hudson) * five specimens. 


Pterophoridae. 

Platyptilia epotis Meyr. 

Mr. Hudson sends a S ^^Rd >, taken in a swamp on the Mount Arthur 
tableland in Februaiy. These are more ochreous and less white than the 
type, with, apical oblique streak less marked and in one specimen nearly 
obsolescent, but are certainly this species. At first sight tliey much resemble 
liihoxesta, but may be easily distinguished by the patch of white on costal 
cilia towards apex, and the black mark at base of terminal cilia on lowei* 
angle of fii*st segment, and also in same position on first segment of hind- 
wdiigs. It hardly seems natural to separate the two species gcuerically, 
but rpotis shows slight traces of black scales in doiml cilia of hindwings, 
whilst litlwxesta cci‘tainJy has none. 


Tortrkudab. 

Epichorista emphanes Meyr. 

J. 13 mm. Antenna] ciliatioiis 1 J. Forewings ivithout costal fold ; 
•deep ferruginous, crossed by numerous oblique irregidar series of very small 
subconflueiit purplish-leaden-grey spots, without defined markings, but 
central fascia and costal patch sometimes indicated on costa. Hindwings 
blackish. 

Mount Arthur tableland, 4,2(X) ft., in February ; two one sent 
by Mr. Hudson as probably sexes of same species, which is doubtless con*ect ; 
the (5 diffei's considerably in appearance from the $, and has not been pre- 
viously described. 



74 


Tram^ariion^, 


Harmologa achrosta Mcyr. 

12-16 mm. Antennal ciliatioiis 1. Forewings with cosUl iold nuKle^ 
rate, extending fi’om base to about middle, termen slightly rounded ; daik 
fuscous, variably strewn with scattered ienuginous-yellowish hair-sral(‘s ; 
basal patch, moderate central fascia, a iiaiTow fasci.i fioin j of costa to 
tornus, and some streaks posteriorly formed by darker strignlalion, space 
between these somewhat leaden-tinged, but all veiy iiulistinct and some- 
times obsolete even in fine specimens. Hindwings dark fuscous or blackish. 

I describe four fresh specimens from Mount Arthur tableland, 4.20<) it., 
in February (Hudson) ; also, the insect lately described by me under the name 
of epicura from Castle Hill, 3,000 ft., in January, is now seen to be the same 
species, a lighter-coloured example. 

Harmologa pontifica n. sp. 

(J. 21 mm. Head, palpi, and thorax dark grey, forehead with a whitish 
transverse line. Antennal ciliations 1|. Abdomen daik grey, anal tuft 
pale greyish-ochreous. Forewings suboblong, costa moderately arched, 
with moderate fold extending from base to beyond apex obtuse, tormeji 
slightly rounded, little oblique ; greyish, with ashy-purplish lefloctions, 
irregularly sprinkled with dark fuscous and a few whitish scales ; costal 
fold dark fuscous ; outer edge of basal patch indicalcd on lower half by an 
erect fasciaform blackish mark from dorsum before middle ; (‘(Mitral fascia 
narrow’, from before middle of costa to beyond middle of dorsum, blackish, 
mixed with ferruginous-reddish in disc ; a blackish discal dot at | ; a small 
blackish spot on costa beyond central fascia ; costal patch narrow, formed 
of three confluent blackish spots ; a transverse irregular blackish streak 
from near this to tornus ; some irregular blackish markings before lower 
half of termen : cilia grey mixed with blackish. Hindwings grey, becoming 
darker posteriorly ; cilia grey-whitish, with grey subbasal line. 

Mount Arthur tableland, 4,200 ft., in February (Hudson) ; one specimen. 

Tortrix indigestana Meyr. 

Two specimens reared from larvae feeding on Pimelm laevitjata, Makara 
Beach, in October and November (Snnlcy). I had previously only one 
specimen from New Zealand, but the species is common in Australia, where 
it has been ])red from Hibhertia linearis. The genus Pimelea is, however, 
common and characteristic in both regions. 

Cnephasia holorphna n, sp. 

3, 18 mm. Head fuscous mixed wuth w^hiiish-oehreous. Paipi 2.], 
clcthed wuth very long rough projectmg scales, whitish-ochreous sprinkled 
w’ith fuscous. Antennal ciliations bifasciculate, 2J. Thoiux fuscous, 
sprinkled and edged with whitish-ochreons. Abdomen fuscous, segmental 
margins and anal tuft whitish-ochreous. Porowings suboblong, costa 
gently arched, with moderate fold extending from base to apex obtuse, 
termen slightly rounded, somewhat oblique; fuscous, with irregularly 
scattered whitish scales, especially on mar^ns, and with scattered strigulae 
of dark fuscous and blacld^ scales, but no defined markings : cilia fuscous, 
tow’ards tips whitish. Hindwings fuscous, darker towards • termen ; cilia 
whitish-fuscous, with a fuscous subbasal line, towards tips whitish. Under- 
surface of hindwings giey (in lafomana whitish). 

Mount Enys, 5,600 ft., in January (Hudson) ; one specimen. Allied 1o 
laiomam 
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OKl’OPIlOaiDAE. 

Cremnogenes monodonta n. sp. 

(5 17 mm. Head, palpi, anlennae, thorax, and abdomen daik fuscous ; 

antennal ciliations 4, whoiied. Forewings olongaie, costa ^eiitly arched, 
,ipcx obtuse, terineu very obliquely rounded ; dark bronzy-purplish-fuscous ; 
a small whitish-ochroous elongate maik on fold before middle of wdng, and a 
lew ochieous- whitish scales toAvards dorsiim before ioinus, in one specimen 
these niaikings confluent so as to form an obscnie semiov.d dorsal patch : 
cilia bronzy-fuscous, mixed with darker towards base, beneath tornus with 
an ochreous-whitish spot. Hindwings daik bronzy-fuscous ; cilia bronzy- 
fuscous, with darker subbasal shade. 

Mount Holdswmith, 3,000-4,000 ft., ni No\ ember (Smiley) ; three speci- 
mens. 

Cryptolechia Zell, 

As explained elsewhere, I have merged in this genus Phaoosaccs Meyr. 
and Leptosates Meyr. 

Cryptolechia semnodes n. sp, 

o. 16 mni. Head, antennae, and thorax daik luscoiis. Palpi dark 
fuscous, second joint spiinkled with pale oclmeous. Abdomen dark purplish- 
fuscous, beneath with last four segments suffused wuth bras&y-ycllow. Fore- 
wings elongate, somewhat dilated posteriorly, costa gently arched, apex 
obtuse, termeu slightly lounded, somewhat oblique ; 7 to tormen ; dark 
fuscous, with slight bronzy-purplish tinge : second discal stigma very ob- 
scurely darker; two or thieo whitish-fuscous scales tow'ards costa about 
middle and | : cilia dark fuscous. Hindwings blackish ; <*ilia fuscous, 
basal third blackish. 

Mount Aithur tableland, 4,2()0 ft., in Febmaiy (Hudson); one speci- 
men, 

Cos M OPTRRY ai DAE, 

Stathmopoda plumbifiua n. sp. 

14-15 mm. Head, palpi, antennae, and thorax pale whitish- 
ochreous, shoulders and subdorsal stupes of thorax leaden-grey. Abdo- 
men pale grey, anal tuft pale whitish-o<*hreous. Forewiugs very narrow, 
elongate-lanceolate ; pale whitish-ochreous ; extreme costal edge leaden- 
grey ; a leaden -metiilln* subcostal streak from near base to beyond | ; a 
similar streak runnuig near above fold, confluent with subcostal tow^ards 
base, continued very near above termeJi to apex ; space betw’’een these two 
streaks more or less sprinkled with dark fuscous ; a more or less marked 
loadeu-metallic patch above dorsiim towards base, edged posteriorly with 
some dark-fuscous scales ; a slender leaden-metallic streak along posterior 
half of fold, terminated anteriorly with some dark-fuscous scales : cilia 
pale whitish-ochreous. Hindwings grey ; cilia ochreous-grey-whitish. 

West Plains, Invercargill, in November and Januaiy (Philpott) : two 
specimens. 

GLYPHIPTERYaiDAE. 

Giyphipteryx leptosema Meyr. 

One specimen, larger than type, 11 mm,, wdth dorsal cuiwed wedge- 
shaped whitish mark sharply defined (as also in d second example obtained 
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by mysell from Auckland) ; bred from laivae in dowor-stems of Gahna 
srtifolia (C?jperaceoc) at Kaitoko, emerging m November (Hudson). 

Giyphipteryx erastis n. vsp. 

(J $. 8-10 nun. Head and thorax useous-bronze. Palpi with approssod 
scales, white, with foui black bands. Auiennae dail: luscoiis. Abdomen 
daik fuscous segmental margins somewhat whilish-sulTiised. Porewings 
elongate, costa gently arched, apex obtuse, temieii somewhat sinuate, rather 
strongly oblique ; rathei da k brouzy-luscous, median tliiid sulTused with 
bronzy-ochreous ; an oblique whitish iascia near base, more or less indis- 
tinct towaids costa, dilated into a tiiangular spot on lower halt ; a wedge- 
shaped rather oblique whitish mark from costa at J, reaclung more than half 
across wing ; tw'o narrow straight piismatic-silveiy fasciae in and beyond 
middle, becoming whitish tow’ards extremities, first more bioadiv ; three 
short wedge-shaped whitish marks on costa posteriorly ; an elongate blacic 
blotch along lower half of termen containing tluee violet-golden-n\etulli(‘ 
spots ; space between this and costal marks traversed by six longitudinal 
suffused w'hitish streaks, sepaiated by blackish scales; prisma tii‘-silvery 
dots beneath costa near apex, at apex, and on termen beneath apex : cilia 
whitish, basal third bronzy-oclireous limited by a dark-fuscous line indented 
with whitish beneath apex. Hindwiugs and cilia dark fuscous. 

Christchurch, Castle Hill (2,500 ft.), and Lake Wakatipu, Irom Hecombei 
to March ; six specimens. 

Glyphipter 3 nc dichorda n. sp. 

(J$. 10-11 mm. Head and thorax rather dark bronzy-fuscous. Palpi 
loosely scaled, white, with foxu* black bands, and anterior edge of terminal 
joint black towards apex. Antennae and abdomen dark fuscous. Fore- 
wings elongate, somewhat dilated posteriorly, costa gently arched, apex 
obtuse, termen faintly sinuate, oblique ; dark shining fuscous-bronze ; 
curved wedge-shaped w'hite spots from dorsum at I and beyond middle, 
reaching fold, second broader ; light-fuscous rather oblique streaks, edged 
with dark-fuscous suffusion, from costa at J and before middle, reaching ] 
across wing; a violet-golden-metallic daik-edged line from a whitish dot 
on costa at rather abruptly bent round in d'sc, terminating in apex of 
second dorsal spot ; a ■violet-golden-metallic dark-edged line from § of 
costii to tornus, curved or obtusely angulated in middle ; tliree short whitish 
stiigulae, dark-edged anteriorly, fi*om costa tow’^ards apex ; a violet-i'old(‘ii- 
metallic streak along lower part of termen, and a dot below' ap<*x : ciha 
wliitish, basal third bronz}' limited by a dark-fuscous line indented with 
white on subapical dot. Hindwings and cilia dark fuscous. 

^\liangarei and Wellington, in December ; two specimens. 

Simaethis antigrapha n. sp. 

<S 9- 10-11 mm. Head and thorax dark fuscous irroraled with white. 
Palpi with whorls of dark-fuscous white-tipped scales. Antennae daik 
fuscous dotted with white. Abdomen daik fuscous, with seiies of white 
scales on segmental margins. Fore wings suboblong, moderate, costa gently 
arched, apex obtuse, termen nearly straight, oblique ; dark fuscous ; basal 
patch and two irregular rather curved shades of purphsh-W'hite irroration 
almost wholly occupying anterior half of wing, last running from a small 
white spot before middle of costa to middle of dorsum ; a small transverse- 
linear pale golden-metallic mark on end of cell ; a line of purplish-w'hite 
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irroratiou from ; of costa to 5 of doisiim, median third iireguliirly ('iu*ved 
outwards so as to touch following fascia ; a straight fascia of purplish- 
white iiioratioii fi'om ‘ of costa to toriuis, this and preceding line l)oih 
forming small white spots on costa ; a senes ol scattered white scales belore 
leimeii : cilia daik fuscous, with basal louith blackisJi-fuscous, tips niixed 
with white, v^ith a bioad white patch extending from near apex to iniddic 
of termon except on basal fourth. Hindwings ovate-tiiangular, ternien 
slightly rounded; dark Jus(‘ous ; in V iiregular white subteiminal line 
on lower hall of wing, in cJ lepresented liy a few scattered scales : cilia 
fuscous, more or less whit isb-sull used towards middle ol tennen, wdth dark- 
fuscous subbasal shade, tips w'hitish. 

Kaitoke and Karori, in December and Maich (Hudson) ; tliree speci- 
mens. 

Simaethis iochondra n. sp. 

i6-17 mm. Head and thorax dark brow'ii, with a few whitish specks. 
Palpi clothed with 'vhoils of daik-fuscous whitish-tipped scales. Antennae 
dark fuscous dotted with white. Abdomen daik fuscous. Fore wings sub- 
oblong, moderate, costa moderately arched, apex obtuse, teimen rounded, 
oblique ; dark bronzy-brown ; basal area sjirinkled witli violet- whitish specks ; 
a very undehned irregulaily dentate shad(‘ of violet- wliitish specks from 
of costa to middle of dorsum; an irregular fascia of violet -whitish specks 
at constricted above middle, dilated on doisum so as to coalesce with 
preceding shade ; a light browiiish-ochreous patcli in disc between rhese : 
a terminal streak of oclireous-brown suffusion : cilia ochreous-bi'ownish, 
mixed with darker at apex and tonuis, tips wdiitish. Hindwings ovate- 
triangular, tennen slightly rounded, hardly perceptibly sinuate ; dark 
fuscous ; cilia giey, wirh dark-fuscous subbasal shade, tips whitish. 

Mount Holdsworth, Tararua Range, 3.00() ft., in Fcbniary (Hudson); 
two specimens. 


TlNElDAE. 


Decadarchis hemiclistra n. sp. 

o 15-17 mm., ? 22 mm. Head and thorax ochrcous-whitisli, somolimes 
browmish-tinged, hairs ol forehead sometimes mixed with dark iuscous. 
Palpi whitish, seioiid joint suiTused externally with dark fuscous, beneath 
W'lth whitish projecting scales increasing to apex, terminal joint mode- 
rate, slendei, with appressc^I scales. Antennae fuscous-whitish. Abdomen 
W’hilish-fuscous. Forewings elongate, narrow”, costa moderately arched, 
apex round-pointed, termon slightly sinuate, extremely oblique ; ochreous- 
whitc, on dorsal half and towards apex in ^ tinged with brownish in 9 more 
strongly infuscated, with variable scattered dark -fuscous and black scales, 
especially in $ ; a dark-fuscous streak along costa from base to middle, 
posteriorly dilated and truncate ; an elongate suffused dark-fuscous mark 
beneath costa about | ; a blackish-fuscous streak from § of disc to apex, 
interrupted before apex, edged above with an ochreous-whitish line : cilia 
ochreous-w”hitish, w’ith more or less marked dark -fuscous post-median line, 
at apex with a blackish bar, round apex wdth a blackish-fuscous subbasal 
shade. Hindwings in c? whitish - grey, in 9 light grey ; cilia ochreous- 
whitish. 

Wellington, in December (Hudson) ; leared from larvae and pupae in 
ffower-stems of toetoe {A r undo con$picud)^ at Makara, emerging in November 
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and February (Sunlcy). The larval habit is very interesiing. The natural 
food of species of this group of genera appears to be dead woody fibre. 

Tinea dicharacta Meyr. 

Tmea dicharacta Mcyr., Proc. Linn. 8oc. N.S.W., 1892, p. 536. 

10 mm. (Australian cJ inm.). Head pale ochreous. Thorax dark 
lusoous. Forewings dark fuscous, with lour lasoiae represented principally 
by groups of two or three white strigulae each, indistinctly t'onnected by 
glossy purplish-leaden striation, last supapical. Hindwings dark piuplish- 
fuscous. 

Wellington, in November (Hudson) ; one specimen. Described origin- 
ally from one specimen, taken at Sydney, New South Wales, in November, 
which has hitherto remained unique. The species is a very distinct one, 
and its identity is undoubted. Mr. Hudson has another specimen, but 
regards the species as very rare ; it is probably semi-domestic in habits. 


Ajrt. XI , — A Revision of the Classification oj New Zealand Tortricina, 

By E. Meyrick, B.A., F.R.S., F.Z.S. 

Communicated by G. V. Hudson, F.E.S. 

[Bead before the WeUingUm Philosophical Society, Wedmbdoy, Hth July, 

I HAVE lately been preparing a paper on the Australian species of Tortricina, 
and it seemed desirable to take the opportunity to revise the New Zealand 
species also. Considerable progress has been made in the study of the 
group since my paper in the '' Ti*ansactions of the New Zealand Institute ” 
for 1884 ; my views have been modified as to the relative value of some 
structural characters ; tlie limits of the species, which are often veiy ^'ari- 
able, are now better understood, and many additional forms have been 
discovered meanwhile. I have also corrected some unfortunate errois of 
identification. It should be understood that many of Walker’s New Zea- 
land types are in the most deplorable condition, sometimes reduced to one 
or two broken fragments. I therefore lately took up my w^hole collection 
of the group to the British Museum, in order to have the advantage of com- 
paring all my material with the tj^es, and I think I have now identified 
the whole of Walker’s species of this group from Australia and New Zealand 
with approximate certainty. 

In regard to structural characters, I have come to the conclusion that 
the costal fold of the male is not of value as a generic character, and have 
therefore abandoned its use. More stress, on the jother hand, has been laid 
on certain differences in the neuration of the hindwings and on the struc- 
ture of the paJpi. 
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After careful study I have concluded that the curious genus Isono- 
mentis is not correctly referable to this group, and it is removed to the 
PlulelluJae. 1 have been assisted in this determination by obtaining an 
apparejitly allied genus from Queensland which possesses distinct maxil- 
lary palpi. The genus may be distinguished lioni all New Zealand Tor- 
tncim by having C and 7 of hindwings parallel. 

CARrOMlNIOAE. 

Ocelli absent. Jforewiiigs with tults of scales on suiface ; 2 from pos- 
terior fifth of coll, 7 to tormen, separate. Hindw'ings with or without basal 
pecten on low^er margin of cell ; 5 absent, 6 usually absent oi rudimentary, 
parallel to 7 when present, 7 to apex. 

Easily knowni by the peculiar neuiation oi hindwings. There are six 
Australian genera, hut only one occurs in New Zealand. 

|1. Carposina JT. 8. 

Cayposuia IT. S., Selim. Eur., vol. 5, p. 38 (1855) ; type, hvrhei itlella. 
Ueterocrossa Meyr.. Proc. Linn. Roc*. N.S.W., 1882, p. 178 ; type, 
adreplella. 

Antennae in (J with moderate or long ciliations (i-l:). Palpi long or very 
long, porrected, second joint with projc^cting s(*ales above and beneath, 
terminal more or less concealed. Forewings : 8 sc^paiate. llindwnngs with 
basal pecten on cell ; in cJ sometimes not dcvelo])ed ; 3 and 4 stedked, 
6 absent. 

Principally characteristic of the Hawaiian Islands and Australia, w.tli 
stragglers in North America and Europe. 

1. r. contactella Walk., Cat., vol. 35, p. 1813: Mevr., Trans. Ent. Soc. Loud., 

1905, p. 235. 

Wellington. 

2. C. thalamota Meyr., Trans. N.Z. Inst.. 1908, p. 12. 

Invercargill. 

3. C. adreptellii Walk., (^nt., vol. 29, p. 651 ; Meyr., Pioc. Linn. 8o(. N.H.W., 

1881, p. 698 ; ib., Trans. N.Z. Inst, 1882, p. 66. 

Hamilton, (^hristchurch, Lake Wakatipu, Invercargill. LaiVti in 
shoots of Ihibiis. 

4. C. iopMva Meyr., Trans. N.Z. Inst., IlHK), p. 118. 

Invercargill 

5. C. cryodana^ Meyr., Trans. N.Z. Inst., 1884, p. 148. 

Dunedin, Invercargill 

6. C. exochana Moyi\, Trails. N.Z. Inst., 3887, p. 76. 

Mastertoii. Wellington, Nelson. 

7. 0. charaxias Meyr., Trans. N.Z. Inst., 1890, p. 98, 

Wellington. 

8. C. eriphylla Meyr., Trans. N.Z. Inst., 1887, p. 76. 

Wellington, 

9. 0. gonosemana Meyr., Proc. Limi, 8oc. N.S.W,, 1882, p. 179 ; Trans, 

N.Z. Inst., 1882, p, 67 : epomiam Meyr., Trans. N.Z. Inst., 1884, 
p. 149. 

"Wellington, Nelson, Otira Eiver, Dunedin. 



80 


Traiisaciioiu^, 


Tortricidae. 

Ocelli present. Forewings with 2 from before 2 ol lower niai’i'in of 
tell. Hindwiugs without basal pecten ou lower maigiii of cell (except 
Epalxiphora and Ctmopseustis), 5 presejit. 

This is the principal family in New Zealand and Australia, but not 
generally elsewhere. It is distinguished from the Eiiammlae by the' ahscMu e 
of the basal pecten of cell in liindwings; but thieo genera which poss(‘ss 
this pecten {Ctenopseustis and Bpahtphora in New Zealand, Spaujanotlus 
in America and subsequently Eui‘ope) must notwithstanding be iiichidcd 
in the family on a consideration of the sum of their characters, the occin- 
reiice of the structure being peihaps due to reversion. In no genus of Eucoa- 
midae is the pecten absent. 


2. Proselena Mevr. 

Prosekm Meyr., Proc. Linn. Soc. N.S.W., 1881, p. 421 ; type, a?o/o- 
sam. Proihehjmna Meyr., Trans. N.Z. Inst., 1882, p. 57 : type, 
antiquana. 

Antennae in 5 rather strongly ciliated. Palpi moderate, poirccted, 
second joint dilated with rough scales above and beneath, terminal short. 
Thorax smooth. Forewings wdth 7 to termen, 8 separate. Hind wings 
with 3 from much before angle, remote and nearly equidistant from 2 
and 4, 4 from angle, 5 rather approximated to 4 at base, transverse vein 
extremely oblique, 6 and 7 long-stalked. 

I now restrict this genus in its original sense, removing from it those 
forms in which veins 3 and 4 oi hindwings are approximated at base, which 
have no near relationship \\dth the original type. The genus now includes 
only one Australian species and two from New Zealand. 

10. P, niphostrota Meyr., Trans. N.Z. Inst., 1906, p. 117. 

Wellington, Invercargill. 

11. P. antiquam Walk., Cat., vol, 28, p. 307 ; niaoriam, ib., p. 308 ; fust- 

ferana, ?6., p. 355 ; spoliatana, iK, p. 356 ; v tustana, ?6., p. 358 ; 
moi'osana, ih., p. 382 ; accemam, ib,, vol. 30, p. 983 ; nrphelofnua 
Meyi*., Trans. N.Z. Inst., 1882, p. 57. 

Christchurch. 


3. Pyrgotis Meyr. 

Pyryotis Meyr., Proc. Linn. Soc. N.S.W., 1881, p. 439 ; iypQ, in- 
signana. 

Antennae in o moderately strongly ciliated. Palpi moderate,J^sub- 
ascending, second joint with rough projecting scales beneath and towards 
apex above, terminal moderate. Thorax with posterior crest. Forewings 
with 7 and 8 stalked, i to termen. Hind\^ings with 3—5 sepaiate, equi- 
distant, rather approximated towards base, 6 and 7 short-stalked. 
Now|restricted to one Australian and two New Zealand species. 

12. P. pyramidim Meyr., Trans. Ent. Soc. Lond., 1901, p. 571. 

Invercargill. 

33. P. evtdorma Meyr., Tiuns. N.Z. Inst., 1884, p. 143. 

Taranaki. 
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1. Catamacla ii.ft. 

Antennae in S moderately ciliated. Palpi rather long, porreeted, second 
joint with projecting scales above and beneath, terminal moderate. ^ Thorax 
>dthout crest. Forowings with 7 and 8 stalked, 7 to ternien. Hindwings 
with 3 and 4 approximated at base. 5 more or less approximated to 4, 
and 7 stalked. 

Type, (jamsana Walk. Contains only the following speides, some of which 
I formerly wrongly refeiTcd to Adoxo'phyes, which is characterized by the 
peculiar position of vein 3 of fore wings, which rises from lower margin ot 
cell considerably before angle ; this latter genus does not occur in New Zea- 
land. 

14. C. trichroa Meyr., Trans. Ent. Soc. Lond., 1901, p. 578. 

Whangarei. 

15. C. lureana Feld., Reis. Nov., j)\. 137, p. 47 ; camelina Meyr., Trans. 

N.Z. Inst., 1890, p. 97. 

Wellington. 

16. C. htinana Meyr., Trans. N.Z. Inst., 1882, p. 40. 

Christchurch. Larva on Arundo conspicua, 

17. gamsana Walk., Cat., vol. 28, p. 312 ; ? innototana, ib., p. 333 ; mar- 
ginana, ib.^ p. 371 : porphyreana Meyr., Proc. Linn. Soc. N.S.W., 
1881, p. 443 ; aoristana, p. 446 ; conditnna Meyr. (riec Walk.), 
Trans. N.Z. Inst., 1882, p. 40. 

Auckland, Napier, Wellington, Nelson, Chnstchurch, Dunedin, 
Invercargill. Larva on Genista in gardens, but must also feed on a 
native plant. 

5. Capua Steph. 

Capua Steph., 111. Brit. Ent., vol. 4, p. 171 (1834) ; type, favilhceana, 
Epagoge Kb., Verz., p. 389 (1826) ; ? type, grotiam. Dichelia 
(xuen,, Micr. Ind., p. 7 (1845) ; type, grotmna. Teratodes Gmm,, 
Micr. Ind., p. 34 (1845) : type, jainllaceana. 

Antennae in 3 ciliated. Palpi moderate, porreeted, second joint with 
more or less projecting scales above and beneath, terminal shoit. Thorax 
usually with slight crest. Fore wings with 7 and 8 stalked, 7 to termen, 
Hindwings with 3 and 4 connate or seldom stalked, 5 approximated to 4 at. 
base, 6 and 7 stalked. 

I do not adopt the name Epagoge, because (1) the application of it is 
dubious, as I do not admit the prmciple of accidental fixation by Stephens’s 
use ; and (2) I hold that the name Capua, which has over seventy years’ 
use in a sense undoubtedly correct, is not to he oveniddon by an obsolete 
name now revived. Widely distributed, but much more numerous in Aus- 
tralia than elsewhere. 

18. C\ cydobaihra Meyr., Trans. N.Z. Inst., 1906, p. 114. 

Invercargill. 

19. C. zijyiana Meyr., Trans. N.Z. Inst., 1882, p. 39. 

Christchurch. 

20. C. tomota Meyr., Trans. N.Z. Inst,, 1906, p. 115. 

Invercargill* 
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Tran fractions. 


21. C, phfjiatana Walk., Cat., vol. 28, p. 370 ; Meyr., Pioc. Linn. See. N.8. W.. 

1881, p. 441 ; Trans. N.Z. Inst., 1882, p, 38 : lecusam Walk., Cat., 
vol. 28, p. 371 : luciplagana, ib,, p. 381 ; Mcyr., Proc. Linn. Soc*. 
N.8.W., 1881, p. 470 ; Trans. N.Z. Inst., 1882, p. 36 : punana Fold., 
Reis. Nov., pi. 137, p. 43 : xgUnana, ib,, p. 44. 

Taianaki, Wellington. Bleulieim, Chiistchureh, Otiui River, 
Dunedin, Auckland Island. Larva on oak {Quetciis), but must also 
feed on a native plant. 

22. C. pUnthoglypta Meyr., Trans. N.Z. Inst., 3891, p. 218. 

Wellington. 

23. C. semiferana Walk.. Cat., vol. 28, p. 306 : Meyr., Proc. Linn. l8oc. 

N.S.W.. 1881, p. 453 ; Trans. N.Z. Inst., 1882, p. 37 : detritam 
Walk., Cat., vol. 28, p. 366 : admotella, ib., p. 486 : abnegatmm. ib., 
vol. 30, p. 991 : consirictana, ?6., vol. 35, p. 1785. 

Wbangarei, Hamilton, Taranaki, Napier, Wellington, Nelson, 
Castle Hill, Christchiu'ch, Dunedin, Invercargill. Walker’s type of 
constrictana is said to be from Australia, but this is doubtless an 
error of record. 


6, Eurythecta Meyr. 

Eurythecta Meyr.. Trans. N.Z. Inst., 1882, p. 56 ; type, robusfa. 

Antennae in S ciliated. Palpi moderate, poiTected, second joint with 
projecting scales above and beneath, terminal short. Thorax without crest. 
Foxewings with 4 absent, 7 separate, to termen, or absent. Hindwuigs 
6 and 7 approximated at base. 

Confined to New Zealand, being a local development of the following 
genus. The first two species have vein 7 of the forewings absent, in the 
others it is present ; the alliance being close in aU other respects, and the 
genus being sufficiently defined as a whole, I think it needless to separate 
the two forms. 

24. E, robusta ButL, Proc. Zool. Soc. Lond., 1877, p. 403, fig. 17 ; Meyr., 

Trans. N.Z. Inst., 1882, p. 56 : negligens Butl., Proc. Zool. Soc. Lond., 
1877, p. 404, fia. 18. 

Christohm’ch. 

25. E, zelacn Mevr., Trans. Ent. Soc. Lond., 1905, p. 233, 

Dunedin. 

26. E. potamias Meyr., Trans. N.Z. Inst., 1908, p. 11. 

Invercargill, 

27. E, paraloxa Mep., Ti*ans. N.Z. Inst., 1906, p. 117. 

Invercargill. 

28. E, hxias Meyr., Trans. N.Z. Inst., 1887, p. 74. 

Mount Arthur (4,000 ft.). 

29. E, eremana Meyr., Trans. N.Z. Inst,, 1884, p. 144. 

Castle Hill (2,500 ft.), Invercargill. 

7. Epichorista u,g. 

Aitennae in 5 ciliated. Palpi moderate, porrected, second joint with 
rough projecting scales above and beneath, terminal short. Thorax with- 
out crest. Forewings with 7 separate, to termen. Hindwings with 3 and 4 
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separate, approximated at base, 5 rather approximated to 4 at base, 6 and 7 
closely approximated towards base or seldom stalked. 

Type, B, hemionana. Veins 6 and 7 o£ hiiidwings are normally stalked 
in siyiana only, but it docs not appear necessary to separate the species. 
The genus is a development ot Toitrix , besides the seven New Zealand 
species there are seven Australian, and I have recently obtained three from 
South Africa. 

30. E. siriana Meyr., Proc. Liiui. Soc. N.S.W., 1881. p. .*>21 , Tunis. N.Z, 

Inst., 1882, p. 43. 

Hamilton. 

31. E. hetnionam Meyi’., Trans. N.Z. Inst., J882, p. 43. 

Lake Guy on, Aitihur’s Pass, Dunedin. 

32. E, elephaMwa Meyr., Trans. N.Z. Inst., 1884, p. 143. 

Arthur’s Pass (4,700 ft.). 

33. E. aspistana Meyv., Trans. N.Z. Inst., 1882, p. 42. 

Porter’s Pass. 

34. E, emphanes Meyr., Trans. Ent. Hoc. Lond., 1901, p. 571. 

Mount Peel. 

35. E. zatrophann Meyr., Trans. N.Z. Inst., 1882, p. 40 ; ib,, J884, p. 144. 

Mount Arthur (2,600 ft.), Arthur’s Pass (2,6(MK1,0()0 ft.), (Christ- 
church. 

36. E, eribola Meyr., Trans. N.Z. Inst., 1888, p. 156. 

Otira River, 

8. Ascerodes Meyr. 

Ascerodes Meyr., Trans. Ent. Hoe. Lond,, 1905, ]). 234 ; type, pro- 
chlora. 

Antennae iir cJ biciliated with long fascicles. Palpi moderate, porrected, 
triangularly scaled with long rough projecting bail's diminishing to apex. 
Thorax without crest, haii-y beneath. Forewings with 7 sepauite, to ter- 
men. Hindwings with 3 and 4 separate, approximated at base, 5 parallel, 
6 and 7 closely approximated towai’ds base. 

At present contains only the one sp(*cies. 

37. J. prochhra Meyr., Trans. Ent. Hoc. Lond., 1905, p. 23i. 

Humboldt Range (4,000 ft.). 

9. Tortrix L. 

Tortrix L., Hyst. Nat. (ed, 10), vol. 1, p. 496 (1758) ; type, vin'dana. 

Antennae in S ciliated. Palpi moderate or long, porrected, second joint 
with, rough projecting scales above and beneath, tei-minal short or moderate. 
Thorax without crest. Forewings wdth 7 separate, to termen. Hiiuhvings 
with 3 and 4 connate, 5 approximated towards base, 6 and 7 closely ap- 
proximated towards base. 

This extensive genus is largely represented in all regions. The geiieiic 
synonymy is considerable, but is not given here, as not affecting the Now 
Zealand species. 

38. T. pictoiiana Feld., Reis. Nov., pi. 137, p. 55 ; Meyr., Trans. N.Z. Inst.^ 

1882, p. 51. 

Christchurch, Mount Hutt, Lake Guyon, Lake AVakatipu. 
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Transactions. 


39. T. 'phh'poana Mevr., Proc. Limi. Soc. 1881, p, 615; Trans. 

N.Z, Inst., 1882, p. 52. 

Hamilton. 

40. T, Ifiicaniana AValk., Cat., vol. 28, p. 370; Meyr., Proc. Linn. So(. 

N.S.W., 1881, p. 517 ; Trans. N.Z. Inst., 1882, p. 53 : wtactelln 
AValk., Cat., vol. 29, p. 652 : jxtuculana, ?6., vo). 35, j). 1781. 

AA^hangarci, Auckland, Hamilton. Taranaki, Napier, Wellington, 
Nelson, Christchurcli, Invercargill. 

41. T, demiana Meyi*., Trans. N.Z. Inst., 1882, p. 51. 

Eakaia. 

42. T. ^ndu/estana Meyr., Proc. Linn. Soc. N.S.AA"., 1881, p. 520. 

"^angarei ; common in Australia, whence it may have been 
artificially introduced. Larva in Australia on Ilihbertia linearis, 
but very likely also on other plants. 

43. T. acrodana Meyr., Proc. Linn. Soc. N.S.AV., 1881, p. 620 ; Trans. N.Z, 

Inst., 1882, p. 63. 

AATiangarei, Hamilton, Napier. 

44. r. cliaractana Meyr., Proc. Limi. Soc. N.S.AA"., 1881, p. 492 ; Trans. 

N.Z. Inst., 1882, p. 50. 

Auckland, Nelson. Christchm’ch. 

45. T. orthropis Meyr., Trans. Ent. Soc. Loud., 1901, p. 573. 

AVeUington, Nelson, Dunedin. 

46. T. postviitana AA'alk., Cat., vol. 28, p. 297 ; Meyr., Proc. Linn. Soc. 

N.S.AA^., 1881, p. 502 : retraefana AValk., Cat., vol. 28, p. 288 : scitulana, 
ib,f p. 298 : basialbana, tb., p. 299 : secretana, ib., p. 300 : consociema^ 
ib., p. 311 : reversana, iK, p. 321 : foedana, ib., p. 321 : vicariana 
AValk., Char. Het., p. 82. 

AVeUington, Christchurch , undoubtedly introduced from Aus- 
tralia, where is is plentiful. Larva polyphagous, on Grevilleu, 
Boronia, &c. ; has been bred firom apples. 

47. T, torogranma Meyr., Trans. Ent. Soc. Lond„ 1897, p. 388. 

AVeUington. 

48. T. conditana Walk., Cat., vol. 28. p. 306 ; enoplana Meyi'., Trans. N.Z. 

Inst., 1882, p. 49 ; astrologana Meyr., Tians. N.Z. Inst., 1888, p. 156. 

A\’'eUington. This is a very variable species, hitherto not under- 
stood ; on the other hand, I think the Tasmanian spocinion wliich 
I associated with astrologana is really not identical. 

49. T. syntona Meyr,, Subantarctic Islands of N.Z., vol. 1, p. 73. 

Auckland Island. 

50. T. alopecana Meyr., Trans. N.Z. Inst., 1884, p. 147. 

fiealey River. Larva in spun shoots of Fhjlhchdus alpinus. 

51. T. excessana AA'^alk., Cat., vol. 28, p. 303 ; Meyr., Proc, Linn. Soc. N.S.AA^, 

1881, p. 491 ; T^ans. N.Z, Inst., 1882, p, 48 : higuttana Walk., Cat., 
vol. 28, p. 305 : ? abjectana, ib., vol. 35, p. 1781. 

Aueldand, AA'ellmgton, Nebon, Christchurch, Dunedin. Larva 
between joined leaves of Panax arhoreum, and probably other shrubs. 

52. r. acrocausta Meyr., Trans, N.Z. Inst., 1906, p. 116. 

Christchurch, Invercai^iU. 

53. T, fervida Meyr., Trans, Ent. Soc. Loud., 1901, p. 572. 

Kaitoke. 
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54. T. molijbditis Meyi*., Trans. N.Z. Inst., 1906, p. 116. 

Wellington. Larva case-bearing, on moss. 

55. T. cnjpsidora Meyr., Trans. N.Z. Inst., 1908, p. II. 

Tararua Kangc (6,5(X) ft.), lnvert*argill. 

10. Epalxiphora Meyr. 

Epaljciphora Meyi., Proc*. Linn. Hoc. N.S.W., 1881, p. 617 ; type,. 
axenana. 

Antennae in o ciliated. Palpi moderate, bul)«ibC(Muling, second joint 
with dense tolerably approssed scales some\\h«it expanded towards a])ox, 
terminal moderate. Thorax with large (^rect crest on each side of back, 
and small double posterior crest. Forewings with 7 and 8 sialked, 7 to 
termen. Hind wings with basal pectcn on lower margin ol cell, 3 and 4 
separate, 3, 4, and 5 more or less closely approximated towards base, 6 and 
7 stalked. 

The single peculiar species which constitutes this genus is very variable, 
but can be recognized fioin all others by the triple thoracic crest. 

56. E, nxenana Meyr., Proc. Linn. So(*. N.jS.W., 1881, p. 648 ; Trans. N.Z. 

Inst., 1882, p. 58 ; ?7>., 1881, p. 147. 

Auckhind, Taranaki, Palmerston, Wellington. 

11. Ctenopseustis Me\r. 

Gtenopseustis Meyr., Trans. N.Z. Inst., 1884, p. J46 ; type, obliquatuu 

Antennae in cJ shortly ciliated. Palpi moderate, pon-ected, second 
joint with projecting scales above and beneath, terminal short. Thorax 
vdthout crest. Forewings with 7 separate, to termen. Flindwings with 
basal pecten on lower margin of cell, 3 and 4 connate, 5 appioximated to 4 
at base, 6 and 7 closely approximated towards base. 

Also including only one very vaiiable species. 

57. V. ohkquana Walk., Cat., vol. 28, p. 302 ; Meyr., Trans. N.Z. Inst.. 

1882, p. 60 ; ib., 1884, p. 146 : spurcatana Walk., Cat., vol. 28, 
p. 306 ; Meyr., Proc. Linn. vSoc. N.S.W,, 1881, p. 487 : sermna 
Walk., Viit, vol. 28, p. 306 : priscana, ib,, p. 307 ; comfeslana, ib., 
p. 308 ; h'anutriqana, ib,, p. 354 : lurbulentana, ib., p. 355 : cunei- 
ferana, iL, vol, 35, p. 1780 : contmetana, ib., p. 1782 : ropeann Feld,, 
Ecis. Nov., pi. 137, p. 15 : iaipana, ib., p. 16 : herana, ib., p. 52 ; 
innnn Bull., Proc. Zool. Hoc*. Loud., 1877, p. 403, 6g, 13. 

Whaugann, Auckland, Hamilion, Taranaki, Napier, Wellington, 
Nelson, Christchurch, Dunedin. Larva amongst spun leaves of 
Veronica, Lonicera, &c. 

12. Harmoioga Meyr. 

Harmohqa Meyr., Trans. N.Z. Inst., 1882, p. 44 ; type, ohhnqana, 
Trachyhathrn Meyr., Trans. N.Z. Inst., 1906, 114; type, sc(- 
Uastis. 

Antemiae in cj ciliated. Palpi moderate or long, porrocted. second 
joint with rough projecting scales above and beneath, terminal moderate. 
Thorax with crest. Forewings with 7 separate, to termen. Hiudwings 
with 3, 4, 5 approximated towards base, 6 and 7 stalked. 
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Besides the species there are two Australian. The example 

described as the type of Trachyhathra appears to be a singular instance of 
abnormal neuration ; it has 7 and 8 of forewiugs stalked and 4 of liindwings 
absent, but a second example subsequently obtained has the normal struc- 
ture of Ilannoloqa. These two examples unquestionably reprcse?]t the 
same species, and the only possible conclusion seems that the fiist is a struc- 
tural dhenation or monstrosity. 

//. ampkxana Zell., Zool. Bot. Ver., 1875, p. 222; Meyr., Proc. Linn. 
Soc. N.8.W., 1881, p. 494; Trans. N.Z. Inst., 1882, p. 47 : ii/is 
Butl.. Proc. Zool. Soc. Loud., 1877, p. 402, fig. 15. 

Wellington, Greymouth, Christchurch, Dunedin, Lake Wakatipu. 

59. H. (lenea But!., Proc. Zool. Soc. Loud., 1877, p. 402; Meyi.. Trans. 

N.Z. Inst., 1882, p. 46. 

Porter’s Pass, Mount Hutt. 

60. H, simea Meyr., Trans. N.Z. Inst., 1884, p. 145. 

Arthur’s Pass (4,500 ft.). Mount Aithur (4,000-4,500 ft.). 

61. //. cpicura n. sp. 

J. 16 mm. Head, palpi, and thorax fuscous mixed with ferruginous- 
brownish. Antennal ciliations |. Abdomen bronzy -grey. Forewings 
elongate, posteriorly dilated, costa gently arched, somewhat bent in middle, 
\nth fold reaching to middle, apex obtuse, teimen almost straight, lather 
oblique : fuscous, somewhat tinged with ferruginous-brownish ; markings 
indefinite, formed by brownish suffusion mixed with fermginous and pale- 
ochreous scales ; a moderate basal patch, outer edge somewhat curved ; 
central fascia moderately broad, oblique, rather narrowed towards costa ; 
.apical area beyond a line from I of costa to tomus irregularly striated : cilia 
pale greyish-ochreous somewhat mixed with ferruginous-ochreous, with a 
purplish-grey subbasal shade. Hindwings dark grey; cilia whitish-grey, 
with grey subbasal shade. 

Castle Hill (3,000 ft.), in January ; one specimen. 

4)2. H. nchrosta Meyr., Trans. Ent. 8oc. Lond., 1901, p. 572. 

Moimt Arthur. 

63. IL svnhasiis Me;sT.. Trans. N.Z. Inst., 1906, p. 114. 

Lake Wakatipu. 

64. H. ohhnqana Walk., Cat., vol. 28, p. 303; Meyi., ih*oc. Linn. Soc. 

N.S.W., 1881, p. 489; Trans. N.Z. Inst., 1882, p. 45: tnaptana 
Walk., Cat., vol. 28, p. 304 : cuneigera Butl., Cist. Ent., vol. 2, p. 559. 

Blenheim, Christchurch, Castle Hill, Dunedin, Lake Wakatipu. 
Larva in dense web on Discana ioumatou, and probably other plants. 

•65. //. sisymna Meyr., Trans. N.Z. Inst., 1882, p. 44. 

W ellington , Christchurch. 

66. H, hemiclista Me^u:., Trans. Ent. Soc. Loud., 1905, p. 233. 

Wellington. 

13. Cnephasia ('‘urt. 

Cnephasin Cmt., Brit. Ent., vol. 3, p. 100 (1826); type, pascuana, 
Sciaphila Treits., Schmett. Eur., vol. 7, p. 233 (1829) ; type, 
wahlbomiana, Dipterina Meyr., Proc. Linn. Soc. N.S.W., 1881, 
p. 523 ; type, irnhriferana. 

Antennae in o ciliated. Palpi moderate or long, porrec*ted, second 
joint with projecting scales above and beneath, terminal moderate. Thorax 
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sometimes with small crest. Forewings 7 separate, to tenncn. Iliiid- 
wings with 3 and 4 connate, 5 approximated to 4, 6 and 7 stalked. 

A rather extensive genus, but principally in temperate regions. 

67. C. incessana Wallc., Cat., vol. 28, j). 304 ; Moyr., Proc. Linn. Soc. N.H.W., 

1881, p. 529 ; Trans. N.Z. Inst., 1882, p. 55. 

Auckland, Taranaki, Christchurch. 

68. C. jactatana Walk., Cat., vol. 28, p. 317 ; MejT., Trans. N.Z. fnst., 

1882, p. 54 : flexwiltam Walk., Cat., vol. 28, p. 353 : pnmlam, 
ih.^ p. 382 : valuta Fold., Ecis. Nov., pi. 137, p. 39. 

Wliangarei, Auckland, Taranaki, Palmerston, Makolukii, Welling- 
ton, Nelson, Chiisfcehurch. Dunedin. 

69. C. spkenias Meyr., Tians. N.Z. Inst., 1908, p. 11. 

Invercargill. 

70. 0, latomana Meyr., Trans. N.Z. Inst., 1884, p. 145. 

Mount Aitihuv (4,400-4,600 ft.), Arthiu’s Pass (4,700 It.). 

71. C. peinas Meyr., Trans. Ent. Hoc. Lend., 1901, p. 572. 

Invercargill. 

72. G, imhrijeiana Meyr., Proc. Linn. Soc. N.W.W., 1881, p. 527 ; Trans. 

N.Z. Inst., 1882, p. 55. 

Auckland, Wellington, Clu*istcliurcli, Dunedin. 

ElK'OSMrDAE. 

Ocelli present. Forowings with 2 from before I ol lower margin ol 
cell. Hindwings with basal pecten on lower margui of cell, 5 pj'e&ent. 

This family is very scantily represented in New Zealand, though very 
numerous thi*oughout the Northern Hemisphere. The total absence of tJie 
very large genus Arg pro place is particularly noticeable. 

14. Hendecasticha i^Ieyr. 

Ilendecanticha Meyr., Proc. Linn. Soc. N.S.W., 1881, p, 601 ; typo. 
aethaliana. 

Antennae in c? ciliated, with an excavated notch in stalk towards base. 
Palpi moderate, porrected, second joint ’with dense rough proje(*ting hairs 
above and beneath, terminal short. Thorax witliout crest. Forewiugs 
with 7 absent, 8 to costa. IJindwings with 4 absent, 6 somewhat approxi- 
mated towards 3 at base, 6 and 7 stalked. 

Contains only the single sj)ecios ; a io(*al modificatioji of Spihnota, 

73. 11. aithaluum Meyr., Proc. Linn. Soc. N.S.W., 1881, p. 692; Trans, 

N.Z. Inst., 1882, p. 64. 

Hamilton. 

15. Spilonota Steph. 

Spilonota Steph.. Cat. Brit. Ins., p. 173 (1829) ; type, ocellana. 
Tmetocera Led., Wien. But. Mon., 1859, p. 367 ; t}T;)e, ocellnna. 
Monilia Walk., Cat., vol. 35, p. 1741 (1866) ; type, semicavclla. 
Strepsiceros Meyr., Proc. Linn. Soc. N.S.W., 1881, p. 678 (praeocc.) ; 
type, ejectma. Strepsicrates Meyr., Trans. N.Z. Inst., 1886, p. 73 ; 
typo, ejectoAxa. 

Antennae in ^ ciliated, with an excavated notch in stalk towards base. 
Palpi moderate, porrected, second joint with dense rough projecting scalcb 
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above and beneath, sometimes tufted beneath, terminal shoit. Thorax 
without crest. Foicw'ings 7 separate, to termen. Hindwings with 3 and 
4 long-stalked or coincident, 5 closely approximated to 4 at base, 6 and 7 
appioximated towards base. 

A genus ot moderate extent and wide distribution, but princip<illy 
Austialian ; tivo ot the New Zealand species occur also in Australia. 

74. S, charopa Meyr., Trans. N.Z. Inst., 1887, p. 73. 

Whangarei, Auckland. 

75. S, (hlopaea Meyr., Trans. Ent. Soc. Loud., 1905, p. 232. 

Wellington. 

76. S, parthenia Meyr., Trans. N.Z. Inst., 1887, p. 73. 

Auckland. 

77. S. znpheram Meyr., Proc. Linn. Soc. N.S.^Y., 1881, p. 688 ; Trans. N.Z. 

Inst., 1882, p. 64. 

Hamilton, Wellington, Christchurch Dunedin. Also in Aus- 
tralia. 

78. S. emplastn Meyr., Tians. Ent. Soc. Loud., 1901, p. 571. 

Invercargill. 

79. S, chaophila Meyr.. Trans. N.Z. Inst., 1908, p. 10. 

Wellington. 

80. *S. ejectana Walk., Cat,, vol. 28. p. 350 ; Meyr., Proc. Linn. Soc. N.S.W., 

1881, p. 681 ; Trans. N.Z. Inst., 1882, p. 63 : semhsnna Walk., 
Cat., vol. 28. p. 356 : saxana, p, 357 : ligniferana, ?7>., p. 363. 

Hamilton, Palmerston, Wellington, Christchm'ch, Lake Waka- 
tipu- Also common and widely distributed in Atistralia. Larva 
amongst spun leaves and shoots of Kunzea capitata and Darwinia 
fasriculata, 

16. Eucosma Hb. 

Eucosma Hb., Zutr. Exot. Schm., p. 28 (1823) ; type, arculam, 
Epihloua Hb., Veiz,, p. 365 (1826) ; type, foenella. Protithma 
Meyr., Trans. N.Z. Inst., 1882, p. 62 ; type, fugitivana. Exona 
Me\T., Trans. N.Z, lust., 1882, p. 65 ; type, mochlophorana, 
Panenia Berg,, Com. Mus. Buen. Air., vol. 1. p. 78 (1899) ; type, 
mochlophorana. 

Antennae in o ciliated. Palpi moderate, porrected, second joint with 
tdense rough projecting scales above and beneath, terminal short. Thoi*ax 
without crest. Forewings with 7 separate, to termen. Hiiidwings with 
3 and 4 usually stalked, sometimes connate or coincident, 5 approximated 
to 4 at base, 6 and 7 approximated tow-ards base. 

A very extensive genus, but principally characteiistic of the Northern 
Hemisphere. The full generic synonymy includes a large number of addi- 
tional names. 

81. E, wochlophornna Meyr., Trans. N.Z. Inst., 1882. p. 65. 

Bakaia, Lumsden. 

82. E. aphrias Meyr., Trans. Ent, Soe. Lond,, 1901, p. 578. 

Invercargill. 

83. E, fugitivana Meyr., Trane. N.Z. Inst., 1882, p. 62. 

Lake Coleridge. 
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17. Bactra St^'ph. 

Bactxi 8teph., Hi., p. 124 (1834) ; type, lancpofnnn. Aphelin vSte])h., 
Cat. Brit. Ins., p. 180 (1829) {pmeocc,) \ 1 ) 7 ) 0 . fanceolana. (%' 
hides Biitl., Ann. MajJ. N.H. (5), voL 7, p. 392 (1881) ; typo, 
straminea, Nnteraula Meyr., Timiis. N.Z. Inst., 1891, p. 217 ; type^ 
notPianIn, 

Antennae in o ciliated. Palpi moderate oi long, porivcted, bocond 
joint with projecting scales «il)ove and beneath, terniinaJ short. Thorn 
without crest. Forewings with 7 separate, to termen. flindwinos with 
8, 4, 5 closely approximated at base, 6 and 7 stalked. 

A rather consideiable genus ol wide distribution, of which the species 
aie veiy similar and puzzling, and have been iiivolved in much confusion. 
Some of the species, and very possibly all, are attached to vaiious specie^ 
ol Junous, There is often much variability, but the length of palpi, form 
of forewings, and colour of hindwings are i7n2)ojtant and reliable chaiacteis. 

84. B, notemah Wals.. Faun. Haw., vol. 1, p. 689 ; stinminea Meyr. [nep 

Butl.), Trans. N.Z. Inst. 1884, p. 142. 

Taranaki, Wanganui, Otaki, Mnngatarera River, Nelson. 

85. jB. optanicis n. sp. 

$. 17-18 mm. Head and thoi ax light brownisli-oi hieous, sometime^ 

suffused with light brown-reddish, tboiax sometimes mixed with grey. Paljn 
2|, whitish-ochreous sometimes partially suffused with light biowMi-reddisli 
two oblique bands and scales of second joint beneath suffused with grc) 
base whitish. Abdomen pale grey or wliitish-grey. Forewings elongate, 
narrow, posteriorly slightly dilated, costa slightly auhed, apex obtus»\ 
termen straight, oblique ; pale brownish-ochreous, sometimes much suffused 
with ferruginous, variably sprinkled or sometimes largely irrorated with 
fuscous, veins posteriorly sometimes maj*ked with fuscous lines ; cost'i 
w’ith short oblique strigulae of dark-fusc'ous in’oration, between which on 
2)Osterior half are longer oblique leaden -nielallic marks, some of whicli 
are sometimes continued as indistinct irregular striae across wing ; some- 
times a broad suffused median streak of blackish hro ration from base lo 
apex, or in its place a longitudinal series of seveial irregular black spots 
or marks: cilia pale ochreous or giey, moie or less sin-inkled with black. 
Hind wings grey- whitish, apex somewhat suffuftcd w'ith giey ; cilia grey- 
whitish, round apex greyer, wdth grey ftubbas^il lino. 

Hamilioy, in January; three ftpecimens. Also whleiy distribmed in 
Australia, but the above description is taken soltdy Irom my New Zealand 
examples. 

86. B, sidoiiis Meyr., Trans. Enl. So^*. Lond., 1905, p. 232, 

Wellington [{). 


18. Laspeyresia Hl>. 

Laspe^resia Hb., Verz., p. 381 (1826) ; type, corollana, Curpocapm 
Tr., Schmett. Eui*., vol. 7, t). 231 ; type, pomonelh. 

Antennae in ^ ciliated. Palpi moderate, mo3*e oi less ascending, second 
joint arched, wdth short projecting scales beneath, terminal joint short. 
Thorax without crest. Forewings with 7 si'parate, to termen. Hindwings 
ydth 3 and 4 connate or stalked 5 nearly parallel to 4, 6 and 7 approximated 
towards base. 
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A considerable genus, generally distributed; bat only represented in 
Now Zealand by a single introduced species. 

H7. L. pomoncJla Linn., Syst. Nat., vol. 10, p. 538 ; Mevr., Proc. Linn. 8oc. 
N.{8.W., 1881, p. 657 ; Trans. N.Z. Inst., 1882, }).*r)l. 

AV"ellingtou, Nelson, Christcliureh. Laiwa in apples ; a well-known 
pest, no'w neaily cosmopolitan. 


Index of Specific Names. 


The reteronces are to the specific numbers in the preceding list. 

Names 

in italics are synonyms. 




dbjectana Walk. 

. . 51 

olephantina Meyr. 

32 

ahnegafana AValk. 

..23 , 

emphanes 3Icyr. 

34 

accensana Walk. 

.. 11 

emplasta Meyr. 

78 

achrosta Met/r. 

.. 62 

(no plana Meyi*. 

48 

acrocaiista Meyr. 

. . 52 

epicura Meyr. 

61 

ndmotclla Walk. 

. 23 

epomiam Meyr. 

9 

adieptelk Walk. 

.. 3 

eremana Meyr. 

29 

aenea Buth . . 

. . 59 

eribola Meyr. 

36 

aerodiina Meyr. 

. 13 

eriphyllti Meyr. 

8 

aethaliana Meyr. 

.. 73 

eudoirina Meyi. 

13 

alopecana Meyr. 

. . r>() 

excessana Walk. 

51 

amplexana ZelJ. 

. . 58 

exochana Meyr. 

6 

antiquana Walk. 

.. 11 

fervida Meyr, 

53 

aoristana Meyr. 

.. 17 

fexivittana Walk. 

68 

aphrias Meyr, 

.. 82 

foedann Walk. 

46 

aspistana Sleyr. 

. 33 

fugitivana Meyr. 

83 

astrojoqana Meyr, 

.. 48 

fusiferana Walk. 

11 

axeiiana Meyr. 

.. 56 

gavisana Walk. 

17 

hasiaibnna Walk. 

.. 46 

gonosemana Meyr. 

9 

biguttana Walk, 

.. 51 

hemiclista Meyr. 

66 

camel ina Me^T. 

15 

hemionana Meyr. 

31 

chaophila Meyr. 

*. 79 

herana Feld. . . 

57 

charactana Meyr. 

44 

imbriferana Miyr. 

72 

charaxias Meyr. 

7 

innna Butl. . . 

57 

charopa Mey»\ 

.. 74 

maptana Walk. 

64 

conditana Meyr. 

.. 17 

iucessana Walk. 

67 

conditana Walk. 

.. 48 

indigestana Meyr. •. . 

42 

congestana Walk. 

57 

innotatana Walk. 

17 

consociana Walk. 

,, 46 

intactella Walk. 

40 

constrictana Walk. 

,. 23 

iophaea Meyr. 

4 

contactella Walk. 

.. 1 

jactatana Walk. 

68 

coniractana Walk. 

.. 57 

latomana Meyr. 

70 

cryodana Meyr. 

.. 5 

leucaniana Walk. 

40 

crypsidora Meyr. 

55 

ligniferana Walk. 

80 

cuneiferana AValk. 

.. 57 

lotinana Meyr. 

16 

cureigera Butl. 

.. 64 

loxias Meyr. . . 

28 

cyclobathra Meyr. 

.. 18 

luciplagana Walk. 

21 

demiana Meyr. 

.. 41 

maoriana Walk. 

11 

detritana Walk. 

.. 23 

marginana Walk. 

17 

dolopaea Meyr. 

75 

mochlophorana Meyr. . . 

81 

ejectana TTaZZ'. 

.. 80 

molybditis Meyr. 

54 
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morosana Walk. . . 11 

mgligens Butl. . . 24 

nefkehtam Meyr. . . 11 

niphostrota Meifr, . . 10 

noteraula . . 84 

obliquana Wall. . . 57 

oblongana Walk. . . 64 

optanias Meijr. . . 85 

ortbropis Meyr. . . 45 

paraloxa Meyr. . . 27 

parthenia Meyr. . . 76 

fauculana Walk. . . 40 

petrias Meyr. . . 71 

pMlopoana Meyr. . . 39 

pictoriaiia Feld. . . 38 

plagiataua Walk. . . 21 

plinthoglypta Meyr. . . 22 

pomonella Linn. . . 87 

'porphyreana Meyr. . . 17 

postvittana Walk. . . 46 

potamias Meyr. . . 26 

priscana Walk. . . 57 

jn'ivatana Walk. . . 68 

prochlora Meyr. . . 37 

pumna Feld. . . 21 

pyramidias Meyr. .. 12 

recusana Walk. . . 21 

retractana Walk. . . 46 

reversana AValk. . . 46 

uobusta Butl . . 24 

ropeana Feld. . . 57 

rureana Feld. . . 15 


Walk. .. 8() 

scilulana Walk. . 46 

srolkfttis Mey) . . . 63 

sectetana Walk. . . 46 

smiforana .. 23 

setvana Walk. . . 57 

Walk. .. 80 

sideritis Mey) . . . 86 

siiciea Meyr. . . . . 60 

siriaiia .. 3o 

sis^Tana, .. 65 

sphenias Meyr. . . 69 

spoliatana Walk. . . 11 

spuicntana Walk. . . 57 

straminea Meyr. . 84 

syntona Meyr. . . 49 

taipana Feld. . . 57 

tlialamota Meyr. . . 2 

ton iota Meyr. . . 20 

torogramma Mey). . . 47 

tr(ty)si)iqanaW<'i\k. .. 57 

tiichroa ilfe//;*. .. 14 

furhalentana Wklk. 57 

vetusfa)'}a Wiilk. .. 11 

vicaiiana Walk. . . 46 

vilis Butl. . . . . 58 

valuta Feld. . . . . 68 

xylinana Feld, . . 21 

zatrophana Meyr. . . 35 

zelaea Meyr. . . 25 

zophcraiia Meyr. . . 77 

zygiaua Mey) . . . 19 


Addemhim. 

The following names are not included in the above list, in the absence of 
certain identification : — 

Bcvaphiki i)ifi)uana Wklk., Ctxi., voL 30, p. 986. 

Greatly damaged, but appears to be a sp(*(*ies otlierwibc unknown to me, 
allied to Spilonota. 

Teras punotilineana Walk., Cat., vol. 35, p. 1780, 

Type lost. I cannot recognize the description. 

Paedisca mahiana Fold., Reis. Nov., pi. 137, p. 40. 

Apparently a distinct insect, but it is highly probable that the alleged 
New Zealand origin is a mistake. 

Teras favescens Butl., Proc. Zool. Soc. Loud,, 1877, p. 402. 

This is apparently a Toidrix allied to excessana and acrocausta ; perhaps a 
good spe<.*ies otherwise unknown, but might he an abnormal variety. 
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Art. XIL — Additions to the Coleopterous Fauna of the Chatham Islands, 
By Major T. Broun, F.E.S. 

\Bcad h(jon the Auckland 22nd Novrmba, 1910. \ 

In my last paper (Trans. N.Z. Inst., 1909, vol. 42, p. 306) it was shoMii 
tliat, excluding mtroduced beetles, forty-five species of Coleoytera had been 
found within the group. The numhei. as will be seen on referring to the 
following list, has now been increased to 106. 

This considerable augmentation, by far the largest ever made, is the 
result of about twenty monihs’ collecting on Pitt Island, between June, 
1906, and January, 1908. 

The insects vere sent to me for examination in June last by Mr. E. E. 
Waite, Curator of the Canterbmy Museum, who whilst on a \usit to Pitt 
Island induced Mr. T. Hall, now residing at Methven, to devote all his 
spare time to seaiching for insects. This work was canied on through- 
out winter as w’ell as summer, and often dming the night, and Mr. Hall 
generously acknowledges the willing assistance rendered by his friend Mr. 
R. E. Paynter. 

The beetles thus secured belong to thirty different groups. Some live 
on the sea-shore, others in solid timber, imder loose bark and old logs, and 
many frequent flowering-shrubs. 

As many of the older species were included in this collection, it may 
be regarded as fairly representative of the coleopterous faiuid of Pitt Island 
— ^probably of the whole group. 

Twenty-seven species proved to be new, two being the exponents of 
new genera ; the remaining thirty-four are common to New Zealand as well 
as the Chatham Islands, but none indicate any close relationship to sub- 
antarctic genera. 

The species are numbered consecutively in continuation of the system 
inaugurated in my first paper, published in volume 41 of the Transactions 
of the New Zealand Institute.'’ This method ^^dll be found very useful 
in labelling specimens when named, and will save time when several species 
are alluded to in correspondence. 

. As the formation of other collections in course of time may be confi- 
dently anticipated, it has been deemed expedient to add a few suggestions 
which, if attended to, will make the work of mounting specimens for micro- 
scopical inspection verv much easier, and far more satisfactory to all con- 
cerned. 

Insects should never be immer'sed in alcohol : it makes them very 
tough, and, ff dried afterwards, very brittle. Before insects can be pro- 
perly named and described, more especially the smaller lands, they must 
be mounted on cardboard with the legs and antennae fully displayed in 
something like their natural posirions. Any attempt to effect this in the 
case of alcoholic specimens is almost sure to result in mutilation, the 
slightest pressure of a setting-needle bemg sufficient to break a slender limb 
or joint, Gfenerally the most important parts snap off, or will not bend at 
aU, and in the case of many weevils the rostrum cannot be got out of the 
pectoral canal without detaching the whole thorax from the hind body. 
Naturalists are not likely to look at such damaged specimens a second time. 
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Beetles should be killed in a wide-mouthed bottle contaming cyanide 
of potassium or freshly bruised laurel-leaves. When dead they should be 
transmitted from time to time by the first opportunity, amongst chopped- 
up laurel-leaves, or, if these cannot be obtained, some other green leaves 
oif shrubs. They should never be packed amoin»st cotton or wool, as their 
claws become entangled with tlie fine fibres. 

Group Cnema(^vnthidae. 

46. Mecodema nlternam Castclnau, Man. N.Z. Coleopt., p. 10. 

Group Anchomenidae. 

47. Anchomenus hxosoni Bates, Man. N.Z. Coleopt., p. 23. 

48. Cyclothorax insularis Motschulsky, Man. N.Z. Coleopt., p. 29. 

Group Feuonibae. 

49. Trichosternus aniaxcticus Chaudoir, Man. N.Z. Coleopt., p. 31. 

Group Anisodactyltdab. 

50. EiUhenarus punoticollis Bates, Man. N.Z. Coleopt., p. 53. 

51. Allocuiopifs latilarsis Broun, sp. iiov. 

Group Staphylinidae. 

52. Quedius antipodm Sharp, Man. N.Z. Coleopt., p. 1028. 

Group OlVIALlDAR. 

53. Omalium fossigerum Eppelsheim. 

54. „ rohustum Broun, sp. nov. 

Group SlLPHIDAE. 

65. Choleva brunncipcs Broun, sp. nov. 

Group Nitidulidae. 

56. Epuraea antarctica White, Man. N.Z. Coleopt., p. 169. 

Group Colydiidae. 

57. Bmrsus bakewellii Pascoe, Man. N.Z. Coleopt., p. 199. 

58. Tarphiomimcs acuminaius Broun, Man. N.Z. Coleopt., p. 183. 

59. Ulonotus asper Sharp, Man. N.Z. Coleopt., p. 189. 

60. „ plagiatus Broun, sp. nov. 

61. Coxelus mucronaius Broun, sp. nov. 

62. Pycnomerus inediocris Broun, sp. nov. 

Group Bothrideridae. 

63. Bothridoes paynteri Broun, sp. nov. 

Group CUOUJIDAE. 

64. Chaetosomn scaritides Westwood, Man. N.Z. Coleopt., p. 767. 

Group Dermestidae. 

65. Trogoderma sigtialum Sharp, Man. N.Z, Coleopt., p. 240. 

66. ,5 pictulum Broun, sp. nov. 
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Crroiip Aphodiidae. 

67. Afkadius sulcatissimus Broun, sp. nov. 

Group Elate R iUAE. 

68. Amychus candezci Pascoe, Trans. N.Z. Inst., \ol. 1), p. 416. 

Group Dasc’YLLIDae. 

69. Gyphon acerbus Broun, Man. N.Z. Coleopt., p. 778. 

Group Mblyribae. 

70. Dasytes pktensis Broun, sp. nov. 

ClSSlDAE. 

71. Cls unduhtus Broun, Man. N.Z. Coleopt., p. 347. 

Group Tbachyscelidae. 

72. Phycosecis atomaria Pascoe, Man, N.Z. Coleopt., p. 359. 

Group Melandryidae. 

73. Ctemplectron vittaium Broun, Man. N.Z. Coleopt., p. 844. 

Group LAaRiiBAE, 

74. Lagrioda brounii Pascoe, Man. N.Z. Coleopt., p. 408. 

Group Otiorhynchidae. 

75. Thotmus halli Broun, gen. & sp. hot. 

76. Flatyomida versicolor Broun, sp. nov. 

Group Rhyparosonfidae. 

77. Phrynixus as per Broun, sp. nov. 

Group Cylindrorhinidae. 

78. Hadramphus spinipetmis Broun, gen. & sp. nov. 

Group Erirhinidae. 

79. Praokprn squamosa Pascoe, Man. N.Z. Coleopt., p. 454. 

80. Stephanorhynchus curvipes White, Man. N.Z. Coleopt., p. 462. 

Group Cryptorhynchidae. 

81. ApJiocoelus versicolor Broun, Ann. Mag. Nat. Hist., ser. 8, vol. 4, p. 

82. Psepholax barhifrons White, Man. N.Z. Coleopt., p. 480. 

83. Ketitraulax flavisetosus Broun, sp. nov. 

84. Mesoreda setigera Broun, Man. N.Z. Coleopt., p. 488. 

85. Ectopsis ferrugalis Broun, Man. N.Z. Coleopt., p. 719. 

86. Tychanus costcUus Broun, sp. nov.’^ 

87. AcaMes lineiroatris Broun, sp. nov. 

88. „ mbcarinatus Broun, sp. nov. 

89. Xenacalles squamiventris Broun, gen, & sp. nov. 

90. Parano7noceru8 spiculus Redtenbacher, Man. N.Z. Coleopt., p. 505 

91. Khyncodes ursus White, Man. N.Z. Coleopt., p. 502. 


* This spe;f^ies*will be described in a subbequont paper. 
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Group COSSONIDAE, 

92. Pentai thrum zralandicum Wollaston, Man. N.Z. Colcopt., p. 508. 

93. „ (iissimilwn Broun, sp. nov. 

94. „ auripilum Broun, sp. nov. 

95. Torosioma apicale Broun, Miui. N.Z. Colcopt., p. 509. 

96. Aqastecjmis ormtns Broun, sp. nov. 

97. Phhnophagosoma corvinum Wollaston, M<ui. N.Z. Colcopt., p. 530. 

98. „ (hlutiun Wollaston, Man. N.Z. Colcopt., p. 531. 

99. Arecophaga miia Broun, Man. N.Z. Colcopt., p. 534. 

Group Anthribibae. 

100. Anthrihus cHstalellus Broun, sp. nov. 

101. „ ptopinquus Broun, sp. nov. 

102. „ pilicornis Broun, sp. nov. 

Group Lamuj>ae. 

103. Somatidia imitci Broun, sp. nov. 

104. „ vkina Broun, sp. nov. 

Group Galerucibae. 

105. Phyllotreta nitida Broun, Man. N.Z. Colcopt., p. 636. 

Group Co(K1NELlidab, 

106. Scymnus macrosiictus Broun, sp. nov. 

Jntrobucei). 

Ptinus fur. Em’opean. 


Group Anfsodaotylidae. 

Allocinopus Broun. Ann. Mag. Nat. Hist., sor. 7, vol. 2, p. 607. 

51. Allocinopus latitarsis sp. nov. 

Subdepressed, uitid, dark fuscous, sides of thorax naiTowty, of the 
elytra more broadly, fuseo-rufous ; femora and upper half of tibiae light 
yellowish-brown, the latter picoous towards tlie exti’emity ; antennae and 
tarsi somewhat variegate, generally fus<*o-rufous. 

Head smooth, with elongate frontal impressions, a single setigerous 
puncture at each front angle of the epistonic and also near the middle of 
each eye ; including the large and prominent eyes, it is about as broad 
as the thorax ; labrum large, sex-setose. Thorax quite a third broader 
than long, widest before the middle, gradually n arrowed towards the obtuse 
posterior angles ; its sides moderately rounded, with well-developed and 
somewhat reflexed margins, base subtruncate, apex slightly incurved ; 
the dorsal groove does not attain the apex, basal fossae large, situated 
nearer to the sides than the middle, there is no other definite sculpture, 
the seta at each side is placed before the middle. Elytra oblong, broader 
than thorax, nearly thrice its length, with oblique not at all prominent 
apices ; their striae are well marked and simple, and there is a short scutcllar 
groove on each, interstices impunotate and nearly plane, the marginal 
punctures are distinct near the base and apex but absent near the middle. 
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Tibiae finely setose inwardly, with spinitomi setae externally, tlu‘ intiM- 
mediaic pair particularly ; the front pair inerassate. 

Male . — Tarsi with dense giey squamiforin vestiture and elongate lateral 
setae underneath; basal joint of the anterior subtriangiilar, joints 2~t 
strongly and equally dilated, about twice as broad as they aie long, 2nd 
and 3rd cordate, 4th entire below, deeply excavate in Iront, 5th nearh 
as long as the preceding two combined ; the intermediate pair of similar 
structure, not quite as much expanded, then 5th joint e(|uals th<^ pre<*eding 
three in lengtli ; the posterior with elongate-triangular articulations, Lst 
and 2nd equal, 4th shorter than 3rd. 

Female . — ^terior tarsi not dilated, joints 2-4 somewliat cordiform , 
joints 1-3 of the middle pair triangular, 4th cordiform. 

Antennae sometimes testaceous and more or less maculate with brown, 
they extend backwards to the base of the elytra, their 1st and 2nd joints 
and the base of the 3rd are glabrous. 

The dilated joints of the intermediate tarsi of the male, and tlieii vesti- 
ture, in conjunction with the rounded posterior angles of the thorax, wdll 
enable this species to be separated from its Ncav Zealand congeners. 

Length, ^9 mm. ; breadth, nearly 4 mm. 

Pitt Island. 

Found by Mr. T. Hall. 


Group OMALrj)AE. 

Omalium Gravenhorst. Man. N.Z. Coleopt., p. 115. 

54. Omalium robustum sp. nov. 

Robust, elongate, subdepressed; hind-body with distiutt slender greyish 
setae, thorax and elytra glabrous; nigrescent, subopaque, the front of the 
head and parts of thorax shining, legs and antennae variable, generally pale 
castaneous, the terminal half of these latter darker. 

Head evidently smaller than thorax, longitudinally bi-impressed, nearly 
smooth and shining along the irriddle, hut dull with dense minute sculpture 
behind, its punctation fine and in*egul<u* ; the ocelli situated in small 
ioveae in line wdth the back part of the eyes, these are large and mod(‘- 
rately prominent. Thorax rather btoader than long, its sides Hncly rnai*- 
gined, nearly straight, just a little cuivedly uatiowcd in front, apex sul)- 
truncare, with obtuse angles, the Iwse straight, wilh almost rectangular 
angles : disc with a pair of large impieasions which aic somewhat expanded 
behind, their outer boideis and the narrow' space between them shiniiiu 
but not perfectly smooth : nearly all the rest of the surface is rendei’erl 
dull by the dense minute sculpture; the punctures are irregularly distri- 
buted. distant on the glossy parts and apparently nearly absent at the 
sides. Scutellum triangular. Elytra oblong, double the length of thorax ; 
shoulders slightly prominent and clasping the thoracic angles ; apices 
truncate, but obHque near the sides ; with fine subseriate punctures visible 
along the dull dense sculpture of the surface. Hind -body gradually 
narrowed posteriorly, closely and finely punctured, the basal 3 segments 
about equal and broadly margmated, 4th slightly longer, 5th subconical, 
the basal with a pair of rotundate pale specks. 

Antennae as long as the head and thorax ; their basal joint long and 
stout ; 2nd short ; 3rd elongate, nearly as long as the 4th and 5th combined ; 
joints 6-11 loosely articulated, finely jjubescent, broader than the preceding 
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ones ; 9tli and 10th transverse. Tibiae with numerous slender yellow spines 
along the outer edge. Tarsi, the anterior particularly, with very elongate 
pale hairs undenieath, their 6th joint longer than all the others taken 
together. 

Underside subopaque, nigro-fuscous, trochanters reddish; finely punctate, 
the intervals minutely sculptured, with distinct greyisli-yellow pubescence. 

Var, — Body casta neous, head nigrescent, antennae and legs testaceous. 
Evidently rare. 

The abnormal bulk and peculiar sculpture are its distinctive features. 

Length, 4-4| mm. ; breadth, 1 1 mm. 

Pitt Island. 

Found by Mr. T. Hall. Probably common. 

Group SiLPHIDAE. 

Choleva Latreille. Man. N.Z. Coleopt., p. 151. 

55. Choleva brunneipes sp. nov. 

Oval, rather elongate, gradually attenuate posteriorly, moderately 
convex, densely covered with very fine cinereous pubescence, subopaque ; 
fusco-niger ; the hind angles of thorax, the legs, and antennae riifo-fuscous ; 
palpi and labrum lighter. 

Head angularly dilated laterally at the middle, with large and prominent 
eyes there ; distinctly and rather closely punctured, the intervals with 
minute sculpture. Thorax nearly twice as broad as long, widest near the 
base, curvedly narrowed anteriorly, apex incurved, with obtuse angles ; 
base slightly bisinuate, with almost rectangular angles ; its sculpture nearly 
similar to that of the head. Elytra scarcely as wide as thorax at the base, 
with broadly rounded apices ; finely and closely transversely strigose ; the 
sutural striae are well marked and somewhat fiexuous near the middle, 
and there are several shallow, indistinct striae on each. 

Legs stout ; front and middle tibiae curvate, minutely bispinose at 
outer extremity and with longer ones at the inner, the former pair of tibiae 
with a notch at the inner face near the base ; joints 1-3 of the anterior 
tarsi and the basal two of the intermediate strongly dilated. Antennae as 
long as head and thorax ; 2nd joint rather shorter than adjoining ones ; 
3-6 stout, yet elongate ; 6th rather shorter than 5th ; 7th broader than 6th ; 
8th small; 9-11 densely pubescent, hardly broader than 7th. 

Anterior coxae prominent and almost contiguous ; sternum not cari- 
nate ; 6th ventral segment obconical, as long as the 5th, and more rufescent 
than it is. 

Near C. Imjuhris, 1911, but in it there is no sign of elytral striation 
beyond the suture, there is no notch in the front tibiae, and the limbs are 
much darker. 

MaU, — Length, 41 mm. ; breadth, 2 mm. 

Pitt Island. 

Mr. T. Hall. 

Group COLYDIIDAE. 

Ulonotus Erickson, Man. N.Z. Coleopt., p. 186. 

60- Utonotus plagiatus sp. nov. 

Oblong, subdepressed, somewhat uneven, opaque ; varying from fusco- 
r'lfous to light brown ; elytra paler, the sides, and on each elytron a large 

4— Trans. 



98 


Transactions, 


median angular spot extending inwards, as well as some posterior smallei* 
spots, fuscous ; legs and antennae more or loss rulesceut ; clotlied irre 
gularly T\ntli short suberect pale squamiform setae. 

Head much smaller than thoiax, with moderate antennal prominences, 
its sculpture granular. Thorax uneven, with a larger central angular im- 
pression prolonged as a broad groove to the apex, a pair of more rouiide^d 
ones near the base, and an angular fovea in front ol tlio seutellum, with 
granular sculpture ; it is slightly broader than long, the sides are explanate, 
somewhat curvate, and there is a slight sinuosity near the rectangular 
posterior angles, between each of those and the shoulder an evident gap 
occurs, the anterior angles protrude as far as the front of the eyes, thcio 
are no obvious lateral indentations. Elytra oblong, apparently punctate- 
striate, with several small nodosities near the top of the apical declivity, 
and a pair at the base ; the space between each of the latter and the slight'y 
raised shoulder appears broadly depressed. 

Underside subopaque, fuscous, granulate, with a few short pale setae. 

Eyes prominent, with coarse facets. Tibiae thickly setose, unarmed, 
straight inwardly. Antennae sparsely pubescent; their basal joint thick, 
cylindric ; 2nd shorter and not as stout as the 1st, slender at its base ; 3rd 
elongate; ith rather longer than broad; 5-8 about equal: club oblong- 
oval, large, triarticulate. 

The members of this genus are divisible into sections. The first is com- 
posed of species having the sides of the thorax lobatc or indented ; the 
second contains such as have the flattened sides of the thorax eutue, ot 
nearly so. This species belongs to the second section, and is distinguisJi- 
able from the others by the oblong form, sculpture, and dark lateral ma}k 
on each elytron. 

Length, 3^-4J mm. ; breadth, l|-2 mm. 

Pitt Island. 

Another of Mr, Hall’s discoveries. 

Coxelus Latreille. Man. N.Z. Coleopt., p. 195. 

61. Coxelus mucronatus sp. nov. 

Opaque, elongate, irregularly clothed vnth. suboroct squamifonn brassy 
setae, and some obscure infuscate ones ; variegate, piceous, antennae and 
tarsi rufescent. 

Head subquadrate, smaller than thorax, longitudinally impressed near 
each side, moderately closely covered with small granules ; each of these 
has a minute pmicture. Eyes prominent, setigerous behind. Thorax a 
little uneven, of equal length and breadth, base strongly bisinuate, apex 
medially subtruncate, Tsith slightly prominent obtuse angles, posterior 
angles rectangular but not touching the shoulders ; its sides setose, gently 
narrowed backwards, their channels well marked near the front; disc 
punctate-granulose, with a central longitudinal impression in front, and 
a pair of shorter ones near the base, where there is an angulate fovea, and 
in some cases a transverse linear depression. Elytra elongate-oblong, 
singly rounded at the base, nowhere broader than the thorax ; they are 
closely seriate-granulate, broadly bi-impressed just before the middle, so 
that the suture at that part seems somewhat elevated ; on the summit of 
the declivity, at the suture, there is a contiguous pair of small dark crests ; 
on each there is a basal, a post-median, and an outer spot on the declivity, 
usually covered with yellowish setae ; sometimes the deim is rufescent therei. 
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Antennae with some very slender hairs, basal joint concealed above, 
3rd about as long as 2nd but much more slender, joints 4-6 rather longer 
than broad, 9th obconical, broader than 7th or 8th ; club abruptly en- 
larged, its basal joint evidently broader than the apical, which is rotundatc. 

Legs with more slender greyish setae than the body ; tibiae flexuous ; 
the intermediate especially, and stronglj" produced inwardly at the ex- 
tremity, the anterior less so, posterior not distinctly mucronate. 

Underside opaque, piceo-rufous, more or less closely granulate, with 
numerous slender elongate flavescent setae ; 3rd ventral segment as long 
as the 2nd and more distinctly impressed in the middle ; prosteinum bisiil- 
cate between the coxae. 

The strongly mucronate middle tibiae clearly distinguish this species. 
An immature specimen is almost wholly ferruginous. 

Length, 4-4| mm. ; breadth, nearly 1| mm. 

Pitt Island. 

Mr. T. Hall. 


Pycnomerus Erickson. Man, N.Z. Coleopt., p. 208. 

62. Pycnomerus mediocris sp. nov. 

Elongate, moderately shining, piceous, elytra sometimes nioie rufesceiit, 
antennae and tarsi pitchy-red. 

Head distinctly punctate, bi-impressed in front. Antennae pubescent, 
joints 4-9 transverse, terminal joint evidently narrowej* than the 10th. 
Thorax slightly longer than broad, widest near the front, gradually narrowed 
backwards, anterior angles somewhat prominent, the posterioi* rectangular 
but not sharply defined ; disc broadly longitudinally impressed, the middle 
of the impression nearly smooth towards the base ; its punctation 
moderately close and coarse. Scutellum small. Elytra wider than thorax 
at the base, twice its length, with obtusely promment shoulders ; they 
are deeply punctate-striate ; the punctures are distinctly separated ; only 
the sutural striae reach the apical margin, which is a little incrassatc, 
elevated, and bent outwards ; the inner three intemtices on each elytron 
are rather thicker than the others ; the suture is bent outwards at the 
base and is united to the 3rd interstice. 

Underside piceous, rather coarsely punctate, each puJicture with n 
minute yellow seta. Meta sternum longitudinally impressed behind. Apical 
ventral segment broadly bifovciite, its basal margin and the middle nearly 
smooth. 

This belongs to the section comprising species with moderately large e}^^s 
and a distim^tly divided biarticulate club. It differs fr’om P. hmgulvs in 
having slightly projecting front angles, and different clytral interstices, (Sr< . 

Length, 3J-4 mm. ; breadth, 1-1;^ mm, 

Pitt Island. 

We are indebted to Mr. Hall for specimens. 

Group Bothrideridae. 

Bothrideres Erickson. Man. N.Z. Coleopt., p. 207. 

63. Bothrideres pajmteri sp. nov. 

Elongate, subdepressed, slightly nitid, with a few slender inconspicuous 
greyish setae ; nigrescent, legs piceous, tarsi and antennae piceo-rufous. 
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Head much narrower than thorax, with prominent eyes ; it is moderately 
coarsely punctured, more finely and closely on the foreliead. Thorax of 
equal length and breadth, widest near the front, very gradually narrowed 
backwards, posterior angles acutely rectangular, the aiiteiior rather obtusely 
prominent ; disc nearly plane, sparingly and irregularly punctate, so as to 
appear almost smooth on some parts, without any well-inaiked fovea, its 
sides more closely but not as coarsely punctured. ticnt(dluin triangular, 
subdepressed. Elytra with obtusely prominent shouldeis, bioader than the 
thorax, quite tudce its length, widest just b(‘lore tJie middle ; on each 
elytron there are 2 slender minutely punctate striae near the suture, the 
inner is curved outwards and bordered inwardly by a (*avina at the base, 
the broad interstice between these is nearly smooth but lias a short basal 
stria ; including the suture, there are 4 costae behind, the outer pair are 
very slender and are prolonged to the base, the inner of these is indistinctly 
duplicated ; between each pair of these carinae there are 2 scries of fine 
punctures, the 3rd interstice is finely and irregularly punctured thioughout. 

Underside subopaque ; prosternum without any tubercle, moderately 
coarsely and closely punctured, its flanks with a few fine punctures only ; 
metasternum with a median groove behind, its pimctation similar to that of 
the prosternum ; basal ventral segment nearly as long as the following 
three combined, not closely punctured. 

Antennae finely pubescent ; 2nd joint bent and inserted in the notcli at 
the hind part of the subglobular 1st ; joints 3-8 quite as long as broad ; 
9th rather broader and obconical ; lOth double the breadth of the 9bh, 
rounded towards its base ; 11th rather smaller. 

Larger than its New Zealand allies, and readily distinguishable there- 
from by the different sculpture and more triangular scutellum. 

Length, fi-GJ mm. ; breadth, quite 2 mm. 

Pitt Island. 

Mr. Hall’s coadjutor in forming this collection was Mr. R. B. Paynter, 
whose name therefore has been attached to this species. 

Group Dermestidae. 

Trogoderma Latreille. Man. N.Z. Coleopt., p. 240. 

66. Trogoderma pictulum sp. nov. 

Nitid, elongate-oblong, slightly convex ; unevenly clothed with distinct 
decumbent yellowish pubescence above, but along the sides the hairs are 
more infuscate and erect ; derm variegate, for the most part rufo-enstnneons, 
the middle of the base and sides of thorax of a brighter red, as are also the 
base, the shoulders, and other large but not sharply limited spots on the 
elytra. 

Head dull, small, rarher coarsely and closely punctured. Eyes pro- 
minent. Antennae short ; 1st joint thick, reddish ; joints 2-4 testaceous, 
2nd stout, 3rd slender and elongate, 4th subtriangular, as long as its pre- 
decessor but broader ; joints 5-11 fuscous, each in succession more prolonged 
inwardly, the 10th quite as long inwardly as the much thicker terminal 
joint. Thorax at the base xwice as broad as it is long, curvedly narrowed 
anteriorly, the base oblique towards the sides, and at the middle somewhat 

E rominent, so as to partly overlap the scutellum ; it is not definitely graiiu- 
ite, but the distinct though rather fine punctures are more or less encircled 
with sightly raised margins. Elytra of about the same width as the thorax, 
thrice its length, each with a shallow oblique or curvate impression extending 
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inwards from the shoulder ; the space in front of this slightly and obtusely 
elevated ; theie are some obsolete stiiae on the disc ; the punctation is 
like that of the thorax. 

Accoiding to its descriptioUj T. semqerum^ 126 in the New Zealand 
list, must be somewhat similar, hut the clothing and &(‘iilpture must be 
very different. T have not seen the insect itself. 

Length, mjn. ; bre«idth, 2’^ mm. 

Pi+1 Island. 

Another of Mi. hTaU’s discoveiies. 

Gaoup Aphodiidae. 

Aphodius Illiger. Man. N.Z. Coleopt., p. 257. 

67. Aphodius sulcatissimus sp. nov. 

Paiiillel, oblong, moderately convex, iiitid, glabrous, nigrescent, margins 
of head and thorax and the legs lufous, elytra sometimes slightly rufescent, 
tarsi and antennae fiilveseent. 

Head uuaruied, forehead deeply medially incurved ; the broad margins 
end abruptly just before the flat hardly discernible eyes ; it is not quite as 
broad as the thorax ; its punctation jninute and distant in fr*ont, bec'oming 
closer and coarser behind. Thorax transversely cpiadrate, only slightly 
broader than long, lateral margins well developed in front, sides nearly 
straight, posterior angles rounded ; tlie whole surface finely and distantly 
punctured, the basal half of the disc, however, has numerous coarse scattered 
punctuies. Scutellum nanow. Elytra oblong, with acutely prominent 
spiniform shoulders ; apices broadly rounded ; each elytron with 6 deep 
dorsal striae, the distinct punctoes at the bottom of these are evidently 
separated from one another, the 3 external ones are not so deep ; interstices 
minutely punctate, those near the suture are moderately broad, the others 
are narrow and almost cariniform. 

Anterior tibiae trident ate extei Jially; the terminal spur of the inter- 
mediate and posterior equals in length the basal two joints together of the 
tai*si ; tlie second, or inner, spui' is shoiler. Pvgidiura vertical, subconical, 
with a median punctiform fovea at its basc\ 

Underside nitid, blackish ; prostornum closely, the metasternum and 
abdomen rather finely and distantly, punctiuecl ; the base of segments 2-5 
with a tiansverse series ol very coarse punctures, so as to appear crenulate ; 
the basal segment is subcarinate in the middle. 

The unmistakably spiniform humeral angles, profound elytral striae, and 
subcarinate oiiter interstices separate this from all the New Zealand species 
except J. fonipes, 1721 ; in it the sculpture of the head is different, the 
shoulders are less prominent, and the elytral interstices are rather broader. 

Length, mm. ; breadth, IJ mm. 

Pitt Island. 

Pive examples in Mr. Hall’s colle^rion. 

Group Melyridae. 

Dasytes Paykull. ISIan. N.Z. Coleopt., p. 329. 

70. Dasytes pittensis sp. nov. 

Narrow, elongate, dilated posteriorly, subopaque ; pubescence scanty, 
minute, and greyish ; dark blue, legs and antennae piceous, 2nd joint of 
these latter somewhat rufescent. 
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Head about as bioad as thorax, finely and distantly piiiu lured, the 
intervals minutely and densely sculptured, broadly bi-impiessed between 
the moderately prominent eyes. Antennae quite as lonjii as the licMd and 
thorax ; basal joint stout, obcoiiical ; 2iid shorter than Jbd ; joints 1-10 sub- 
serrate, each longer than broad; 11th elongnte-oval. Thorax inod(M*ntely 
dilated laterally near the middle, about as long as broad, the spaces be- 
tA\ocn the rather fine distant punctines densely and ininulcly sculptiued ; 
in some examples there is a slender stria along the middle, in all theii^ is 
a shallow impression near the base. Rcutelhim broad, medhilly grooved. 
Elytra as broad as thorax at the base, wider behind the middle, latlier 
finely punctured, interstices slightly rugose and minutely sfulptuied. 

Of about the same size as the New Zealand D. oreocharis, !203fi, of a 
darker hue, di-fferently sculptured, and the thorax without percopti])le 
lateral margins. 

Length, 5 mm.; breadth, 1^-2 mm. 

Pitt Island. 

Evideutlv the common species, Ihough piobaldv not the onlv one. Mr. 
T. Hall. 


Group Otiorhynchidak. 

Thotmus gen. nov. 

Rostrum not as broad as the head and not distinctly marked off froio 
it, a third shorter than the thorax. Scrobes subapical, deep, broad, and 
quite open above, abruptly bent downwards, narrowed, and not extending 
more than half-way towards the eyes. 8cape implanted near the ape\ 
and just attaining the back of the eye, considerably yet gradually incrassate. 
Funiculus 7-articulate ; its basal two joints almost equal, their length on! y 
about double the breadth ; joints 4-6 thick, each much narrowed at the 
base ; 7th more transverse, distinctly separated from the club and preceding 
joint. Club conical, indistinctly quadri-articulate. Eyes rather small, not 
prominent, distant from the thorax, more so from each other, transveiselv 
oval, suhtrmicate in front. Thorax without definite ocular lobes, base 
truncate, rounded laterally, it is transversal. Scutellum large. Elytra 
oblong-oval, the shoulders curvedlv narrowed; apices, coniohitlv, hroadb^ 
rounded. 

Femora stout, simple. Tibiae nearly straight, diluted at the exti*e!nit\, 
posterior coibels thickly ciliate and cavernous. Tarsi with setose soles, 
their basal tw-o joints subtriangular, 3rd moderately expanded and bilol)c<]. 

Prostenium deeply incurved in front. Metasternum modeiate. Lasal 
ventral segment, in the middle, nearly twice the length of the 2nd, broadly 
rounded between the coxae, the hind suture medially sinuate, 2nd less than 
double tho length of 3rd or 4th. Epipleurae linear throughout. Anterior 
coxae contiguous, posterior widely distant. 

In Cecyropa the eyes are placed at or near to the thoracic margin, tlte 
rostrum is very short, but the scape is elongate and reaches backwards 
to beyond the apex of the thorax, the front coxae are distinctly separatetl. 
and the anterior tibiae are furnished with a lobelike prolongation which 
usually covers the basal tarsal joint, this lobe is lacking in Thotmus, 

_ The presence of supplementary mandibles shows without doubt that 
this genus must be located in the Otiorhjnchidae, along with Cecyropa, 
which was placed by Pascoe in the Rhyparosomidae, 
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75. Thotmus halli sp. nov. 

Subovate, moderately convex, without superlicial inequalities, derm 
subopaque, pale I’ufo- castaneous, covered with thin depressed incon- 
spicuous obscure greyish squamae, and also bearing numcu'ous suberoct 
grey setae. 

Boslium with a median linear im])ressIou. Hoad moderately convex. 
Thorax a third broader tLan long, apex feebly emarginate, widest near the 
middle, jatber more abruptly nai rowed bebiud than in front, on a care- 
lully denuded spot finely and distantly punctured. Elytra more than 
double the length ot the thorax, nearly veitical behind ; each, at the base, 
oblique towards the suture, and consequently not closely applied to the 
thorax ; they are rather finely punctate-slriate. Legs thickly clothed with 
grey setae. 

Underside reddish-chestnut, with grey setae. 

Length (rostrum inclusive), 13 mm.; breadth, HI mm. 

Pitt Island. 

Named in honour of its discoverer, Mr. T. Hall. The specimen is unique 
and somewhat immature ; perfect examples probably will be darker. It 
is, I have no doubt, an inhabitant of the sea-shore, where it should be 
sought for. 


Platyomida White. Han. N.Z. Coleopt., p. 441. 

76. Platyomida versicolor sp. nov. 

Subopacpie, nigrescent ; covered with depressed tawny squamae, whieh, 
however, are intermingled with a few metallic tmpreous and viridescent 
ones ; these are most apparent when the insect has been brushed with 
benzine ; there are also some obscure yellowish setae on the elevated and 
posterior parts of the elytra ; antennae and tarsi piceo-rufous. 

Eostrum nearly as long as thorax, with a median cariua separating 
the broad longitudinal grooves and terminating in the iiiterocular fovea. 
Thorax as broad as it is long, slightly broader before the middle than else- 
where, base and apex subtruncate; the surface somewhat uneven, with 
slightly rugose tubercular st'ulpture and a rather broad irregular channel 
along the middle. Mcutellum normal. Elytra broader than thorax at the 
base, -wider near the middle, a good deal nan*owed posteriorly ; disc nearly 
plane, striate-punctate, 3rd and 5th interstices slightly nodiform at th(‘ 
top of the posterior declivity, in the female slightly and unevenly elevated 
throughout, 

Undeimde blackish, the squamae of a more metallic lustre and more 
brightly coloured than those above, Prostcnxum incurved. Basal ventral 
segment e\idently longer than 2nd, subtruncate between the coxae ; 5th as 
long as the 3rd and 4th combined. 

fcJcape minutely squamose, gradually thickened, attaining the back of 
the eye ; 2nd joint of funiculus as long as the basal ; club minutely pubes- 
cent, almost as long as joints 4-7 of the funiculus taken together. 

Ocular lobes feebly developed. Posterior corbels with duplicate ciliae 
and a narrow external tnmeature. 

Male , — Elytra elongate-ovifoim, and only slightly broader than thorax 
at the base ; legs longer, more slender and flexuous. When compared 
with the same sex of the common P. hinodes, 776, of New Zealand, the 
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moic elongate outline, nearly level and reuiilarly ])unctuiod elvtial disc, and 
the vestiture, are seen to be very diftorent. 

Length: Male (lostmrn inclusive). LSirim.; breadth, nun. Female; 
14 X 6 mm. 

Pitt Island. 

Two damaged specimens from Mr. T. Hall’s lo^leciion. 


Group RiiyeAROvSOMrDA]!;. 

Phrynixus Pascoe. Man. N.Z. Coleopt., p. 132. 

77. Phrynixus asper sp. nov. 

Opaque, convex, subovate, piceo-fuscoiis, encrusted with light-bu»wn 
sappy matter ; rostnim and tarsi piceo-rufous ; body tuberculate, iire- 
gularly clothed with somewhat tawny, on some parts curled, s(|uamiforin 
setae. 

Rostrum arched, rather shorter than thorax, indistinctly tricarinate m 
front, with a setigerous tubercle before the eyes and a pair of smaller ones 
close to the antennae. Thorax apparently oblong, actually, including 
lateral tubercles, of equal length and breadth ; with a pair of apical tubercles 
and a slight ridge between them, trituberculate across the middle, uneven 
and medially depressed behind, a few coarse punctures and short rugae 
may be seen, its sides also are uneven. Elytra about twice the length ol 
thorax, at the middle nearly twice as broad, posterior declivity almost 
vertical, their shoulders porrect and crested with curled setae, the median 
basal depression with ridged lateral borders ; on each elytron, when properly 
cleaned, a dozen crested tubercles can be seen on the disc ajid sides, none 
are very large ; there are also a lew coarse punctures and small bla(*k 
granules ; the posterior declivity is substriate-punctate. 

Legs moderately elongate, bearing somewhat flavescent setae ; tibiae 
unarmed ; tarsi minutely setose above, basal two joints short, 3rd hardly 
at all dilated, excavate but not lobed. 

Scape inserted in foveifoim scrobes at or just behind the middle, flexuous, 
slender, but clavate at the extremity ; it is setose and attains the back of 
the eye. Funiculus rather densely clothed, and bearing also some elongate 
setae ; 2nd joint not quite the length of the 1st, joints 3-6 short and some- 
what moniliform, 7th obconical and not veiy much smaller than the ovate 
club. Eyes subdepressed, about equidistanl from the thorax and eacli 
other, subrotundate or obliquely oval. No scutellum. 

Like the New Zealand P. astutus^ 759, differing principally in the tri- 
tuberculate rostium and the larger 7th joint of the funiculus. 

Length (rostrum exclusive), mm. : breadth. 2.J mm. 

Pitt Island. 

Mr. T. Hall. Rare. 


Group Cylindrorhinidae. 

Hadramphus gen. nov. 

Rostrum slightly dilated at apex, nearly as long as thorax, -very gradually 
expanded behind. Head short, convex, not at all abruptly broader than 
the rostrum. Scrobes visible above near the extremity, deep, rectilinear, 
and extending to the front and lower part of the eyes. Scape inserted 
near the apex, straight, hardly attaining the eye. Funiculus 7-articulate ; 
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basal joint evidently longer than 2nd, which is not twice the lengtli ot the 
3rd ; joints 1-7 rathci longer than broad. Club ovate, not large, Iri- 
articulate, intermediato joint veiy short. Ej^cs truncate in fi’ont, their 
length from above downwards double that of the longitudinal diametcj* ; 
they are subdepressed and widely distant above. Thorax with well- 
developed ocular lobes, these during repose cover a thiid of the eyes; base 
and apex subtruncato ; it is rather broader than long, and at each side is 
obviously medially luberculate. Boutellum distinct. Elytia oblong-oval, 
only slighter wider than thorax at the base, apices bi’oadly rounded, their 
sides spinose. 

Femora elongate, somewhat clavate, grooved undeiiicath near the 
extremity. Tibiae a little flexuous, each aimed at the apex with a well- 
developed spur, which begius outwardly as a ridge, extends along the bottom, 
and projects inwardly ; just above each spur, on the inside, there is a pair 
of outstanding tufts of setae ; the posterior are densely fringed wuth feim- 
giiious setae but are not cavernous. Tarsi hairy above, their basal joint 
rather slender at the base and nearly twice the length of the 2nd, 
3rd slightly dilated and bilobed ; their soles densely brushlike but quite 
glabrous along the middle. 

Prosternum deeply incuived in front. Anterior coxae (*ontiguous, inter- 
mediate slightly separated, the posterior more widely. Metasternum very 
short. Abdomen elongate; 1st segment longer than 2nd, strongly curved 
between the coxae, medially sinuate behind ; 3rd and 'l-th, singly, nearly as 
long as 2nd ; 5th triuicate, and wdth a broad tuft at each side, at the apex ; 
6th semicircular. Epipleurae linear. Mentmn small, subquadrato. Palpi 
short. Mandibles indisthictly trifid at apex. 

The armature of the tibiae, though somewhat similar to that of the 
European Mohjtes, more closely resembles that of Lt/perohius, The ocular 
lobes are more strongly developed, and the tarsal vestitme differs. In 
facies these genera are utterly unlike Uadramphus, a glance at the sides of 
the hind-body being sufficient for immediate separation. It should be 
placed after Phaedra pholus, but before Li/perohus. 

78. Hadramphus spinipennis sp. uov. 

Bubovate, opaque, fuscous, antennae and tarsi piceous ; covered with 
hairlike tawny squamae, usually more iufuscate on the dorsum, and in 
some cases there is a pule streak along each side and the middle of the 
thorax. 

Rostimra rugose-punctate and thinly setose near the extremity, with a 
fine median carma, and coarse shallow sculpture; its clothing is disposed 
transversely ; it is very gradually expanded tow^ards the base. Thoi’ax 
medially dilated and with a prominent tubercle at each side ; disc uiieveir, 
the borders of the irregular impression along the middle more or less 
elevated, most distinctly raised near the base ; there are no frontal crests 
or nodosities, and no punctures are discernible, the sculpture consisting 
apparently of irregular flattened granules. Elytra more than twice the 
length of thorax, quadri-spinose at each side ; the dorsum wdth indefinite 
serial punctures near the suture, in some examples substriate behind, the 
somewhat inflexed sides are distinctly seriate-punctate ; on the 3rd inter- 
stice of each elytron there is an elongate basal elevation and 2 or i tubercles, 
the largest being placed behind the middle ; between the last and the apex 
there are 3 or 4 smaller ones; on the 5th interstice there are usually 
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4 tubercles, the bindmost being on top of the declivity ; alojigside llie suture 
tKexe is generally a scries of muck smaller nodosities. 

Underside nigi*es(*ent, clothed with deiuesscd elongate Havesecnt setae. 

The superficial sculpture of the hind-body is provokingly irregular, not 
only in difierent specimens, but on the elytra of the same individual, oO that 
a precise description cannot be given. Tlie lateral spines au* soinotiines 
equidistant and hookliko, but the number is constant. Notwithstanding 
these discrepancies there can be no difiiciilty in identilying the insind. 

Length (rostrum exclusive), 21-22 mm. ; breadth, JO mm. 

Pitt Island. 

Found by Mr. Hall. 


Group Cryfi’Oehynchidak. 

Kentraulax Broun. Ann. Mag. Nat. Hist., sor. 8, vol. 4, p. 156. 

83. Kentraulax flavisetosus sp. nov. 

Eobust, nitid, nigrescent, antennae and tarsi iufo-pi{*oous ; scantily 
clad with very fine yellow setae, but towurds the extremity ot the elytra 
the setae are more numerous, squamiform, and conspicuous. 

Eostrum a third shorter than thorax, quite halt the width of the licjwl, 
moderately closely punctate, with a groove along the middle. Head 
rounded towards the front, broadly impressed between the eyes. Thorax 
a third broader than long, its sides curvedly narrowed towaids tiie abruptly 
contracted apical portion, subtruncate or shghtly emaginate in front, tlie 
base bisinuate ; rather coarsely and closely punctured, with a nearly smooth 
linear space along the middle terminating in an elongate basal depression. 
Scutellum smooth. Elytra double the length of the thorax, slightly wider 
than it is at the base, apices subtruncato ; they are deeply punctate- 
striate, interstices broad, closely and finely granulate and rugose. 

Underside shining, black, with slender yellow setae. Metasternum and 
abdomen coarsely punctured, the former angularly depressed behind, basal 
ventral segment with a shallow rotundatc impression behind Ihc middle, 
the second medially subcarinate. 

Male . — ^Eostrum with a w^ell-marked dilatation just below the point of 
antennal insertion, so that the frontal portion appears expanded when 
looked at from above. Scape short and very thick, not reaching the eye. 
Funiculus stout, 7-aiticulate, 2nd joint as long as the short 1st, joints 3-7 
short, compact, expanded successively, so that the 7th is fully as broad as 
the triarticulate club. Prosternal canal wdth a conspicuous spiniform pro- 
cess at each side in front. 

FewiflZe.— Eostral canal angulate. Club more ovale. Eostrum less 
dilated in front. 

Scape medially inserted. Eyes subtruncate in front. Scutellum tri- 
angular, Posterior tibiae, as well as the intermediate, with a median denti- 
form angulation, and another at the extremity. 

The typical species of Psepholax can be at once distinguished by the 
moderately elongate scape being inserted near the apex. 

K. munna, 864, is difiereiitiated by its thoracic carina and the more 
abundant and scalelike vestitme above and below. 

Length (rostriun exclusive), 10-11 mm. : breadth, 5-5 J mm. 

Pitt Island. 

Several in Mr. Hall's collection. 
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Acalles Schoeuherr. Man. N.Z. Coleopt., p, 488. 

87. Acalles lineirostris sp. iiov. 

Convex, subovatc, derm piceo-ruknis, taisi and antennae 2 )ale ferru- 
ginous ; thickly covered v\ith rather coaise variegated squamae, many of 
which are erect, their predominating colour is yellowish-brown ; on the 
apex of the thorax there is a pair ot small pallid tnftb, and at the middle 
ot its base an almost white longitudinal streak, on the elytral disc and tije 
legs cl few whitish s(‘ales aie seen : Idackish ones extend across the thoracic 
base, cover the shoulders and nuicdi of the legs, and foim spots on the hind- 
body. 

Rostrum rutescent, with linear sculpture and coarse pimetures, it about 
equals the thorax hi length, is subparallel, and slightly arched. Thorax 
abruptly contracted in fiont, a little broader than long, its sides nearly 
straight behind ; it is closely and distinctly pmictured ; the erect scales 
ill front ot the broad basal portion do not form definite crests. Scutelliini 
absent or indistinct. Elytra subcoidate, with oblique shoulders, so that 
the base does not exceed that of the thorax in width ; in the middle they 
are nearly twice as bioad ; the apical declivity is almost vertical ; they 
are seemingly striate -punctate ; on the 3id inteisti(*e of each elytron there 
is a distinct crest on the summit of the declivity, and 3 or 4 on the 5th, the 
hindmost being placed half-way down the deedivity ; there are others near 
the side ; these small ciests do not exactly correspond, tliough they mav 
do so m fresh unabraded specimens— at any rate, they cause the surface to 
be somewhat irregularly uneven. 

Scape rather elongate, moderately slender, slightly flexuous, iiK-rassate 
near the extremity; it is inserted just before the middle and attains the 
front of the eye. Funiculus with slender grey hairs, elongate; 2nd joint 
about as long as but more slender than the 1st ; 3-6 consecutively slightly 
shortened and wadened ; 7th almost as broad as the base of the club, whicdi 
is densely pubescent, triarticulate, and subovate ; its basal joint is half the 
whole length. Legs stout and elongate. Tarsi haiiy above, their penulti- 
mate joint moderately expanded and bilobed. 

In bulk and general aspect this approaches the New Zealand A. scitus, 
878, ])ut the marks are different ; the thorax in 878 is much less contracted 
anteriorly and the tarsi are more slender. 

Length (rostrum exclusive), mm. ; breadth, nearly 2 mm. 

Pitt Island. 

The single specimen at my disposal was found by Mj', JLdl. 

88. Acalles subcarinatus sp, iiov. 

Subovate, moderately convex, not asperate, subopaque, rufo-i^iceous, 
covered with tenacious greyish sappy matter, the squamosity obscure 
greyish or pale tawny and inconspicuous ; aiiteiinao and tami dark fer- 
ruginous. 

Rostrum arched, subparallel, about a third shorter than thorax, with. 
shallow coarse punctures which become much finer near the extremity, 
along the middle there is a slender carina. Head immersed up to the nearly 
flat eyes. Thorax a good deal contracted in front, a third broader than 
long, the sides slightly curvedly iiaxTowed behind, the base depressed and 
feeWy medially incurved ; disc wdth a smooth slightly raised caidna along 
the middle, its puiictatioii moderately coarse and close, each puncture has 
a pale-tawny scale imbedded in it. Elytra bisinuate at the base, rather 
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broader than thorax, their obtusely porrect liunieial angles clasp the 
thorax, the sides arc a little uneven, rounded, and lather abiuptly nan owed 
posteriorly, the declivity is nearly perpendicular; they are very coaisely 
seriate-punctate, much more lincly behind; there is a sliji>hi (‘l(‘\ alien 
each side of the scutelluni, and there are 4 small crests on top ol the de- 
clivity which are tibsenl in my specimen, the male. 

Wcape implanted at or just before the middle, rCiichiiii* Ike eye, 
slip;htly Ilexuous, t>radually thickened, glabious. Funiculus spaiinglv 
and &iely setose, 2iid joint of about the same length as tli(‘ basal, 
joints 3-7 successively thickened, so that the last is as bioad as the 
subovate club, the basal joint of which is longer than the lollowing two 
combined. 

Femora long and stout, subangulate and minutely dentate in the male, 
less so, the anterior not at all, in the female. Legs sparsely setose. Tarsi 
glabrous above in the male, with yellow hams in the other sex, tJieir 3rd 
joint moderately dilated and lobate. Scutcllum present, tilled lorwards. 
Ill the female the rostrum is more finely punctate. 

The solitary mounted specimen in my possession does not permit 
a thorough examination of the sternal structure ; had another been 
available this species, together with 294:2 and 2961, w^ould liave been 
placed in ^ new^ genus, the more salient characteristics being the pie- 
sence of the scutellmn, porrcct humeral angles, and indefinite femoral 
armature. 

Length (rostrum exclusive), mm. ; breadth, 2| mm. 

Pitt Island. 

In Mr. Hall’s collection. 


Xenacalles Broun gen. nov. 

89. Xenacalles squamiventris sp. nov. 

Opaque, piceous, covered with pale-brown or tawny depressed scjuamae 
and erect occasionally greyish ones, which sometimes form a pair of small 
crests on the sutui’e at the summit of the posterior declivity ; just in 
advance of these there is a large transverse somewhat diamond-shaped 
fuscous spot : rostrum piceous or reddish, antennae and tarsi fejTuginons 
or fulvescent. 

Eostriim as long as thorax, finely punctate, squamose near the l)a&e. 
Scape medially inserted. Thorax slightly longer thaji broad, gradually 
narrowed anteriorly, not constricted in front, rounded and bearing erect 
setiform squamae there, its punctation concealed by the scales, some of 
which are fuscous. Scutellum distinct. Elytra slightly broader than 
thorax at the base, rather wider before the middle, evidently narrowed 
posteriorly, seemingly punctate-striate ; the striae more distinct along the 
declivity than on the disc. Legs elongate, thickly squamose ; tibiae usually 
fuscous near the middle. 

Underside densely covered with tawny scales, and with some almost 
white ones on the basal two ventral segments and basal half of the femora ; 
the 3rd and 4th segments, shigly, more than half the length of the 2iid. 

The following characteis £fierentiate this species from Acalles : Scutel- 
lum distinct. Pectoral canal extending to front of metasteniuni, deep 
there. Tarsi with hai^ instead of spongelike soles. Metastenium not 
longer than 2nd abdominal segment. Body elongate, subfusiform. 
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The half-dozen alcoholic spocimoiis were difficult to manipulate. In 
trying to get out the rostrum and antennae the whole thorax would persist 
in parting from the hind-body, (Src. 

Length (rostuim exolusivo), 3 Turn. ; breadth, LJ mm. 

Pitt Island. 

Mr. Hall. 

Group (^)ssoNri)AE. 

Pentarthrum Wollaston. Man. N.Z. Goleopt., p. 508. 

93. Pentarthrum dissimilum sp. nov. 

Subglabrous, having only a few minute grey hairs near the apices of 
the elytra, fusiform-cylindric, shining, mfous, elytra pale rufo-castaneous. 

Rostrum parallel, broad, half the length of thorax, longitudinally im- 
pressed, distinctly but not closely punctate. Occiput smootli. Thorax of 
almost equal length and breadth, widest and moderately rounded behind 
the middle, gradually narrowed towards the abrupt but nob deep frontal 
stricture, it is moderately coarsely but not closely punctured. Scutellum 
small, yet distinct. Elytra slightly wider than thorax at the base, ti un- 
cate there, twice its length, narrowed near the extremity ; they arc punc- 
tate-striate, the punctures are well marked, the striae most distinctly 
impressed behind the middle ; interstices with fine serial punctures, hardly 
at all rugose, those nearest the suture somewhat thickened towards the 
extremity. 

Scape medially inserted, straight, gradually thickened ; 2nd jomt of 
funiculus nearly the length of the 1st ; club rather narrow. 

Undemide nitid, castaneo-rufous, sparingly and finely pubescent, dis- 
tinctly but not very closely punctate, basal ventral segment broadly im- 
pressed and not much longer than the 2nd. 

WTien compared with the male of P. zealandicum, 903, the eyes appear 
less prominent, the rostrum more finely and less rugosely punctured, and 
the elytra more distinctly striate, with more definite and not at all crenate 
punctures. 

Male. — Length (rostrum inclusive), 4: mm. ; breadth, quite 1 mm. 

Pitt Island. 

Mr. T. HaU. 

94. Pentarthrum auripilum sp. nov. 

Fusiform-cylindric*, subnitid ; rufo-piceous, tarsi and antennae picoo- 
rufous, club paler ; thinly covered with elongate golden hairs, which on 
the thorax a^e disposed transversely. 

Rostrum quite half the length of thorax, not as broad as the head, 
parallel, rather flat, broadly impressed along the middle ; rather closely, 
coarsely, and somewhat rugosely punctured, more finely near the apex ; 
pubescence distinct. Head similarly sculptured in front, the occiput nearly 
smooth. Thorax slightly longer than broad, widest behind the middle, 
rounded there, curvedly narrowed towards the abmpt apical constrictiqn, 
and 'with an e-vident gap between its 'widest part and each shoulder ; disc 
moderately coarsely but not very closely punctured. Scutellum triangular, 
rather small. Elytra subtmncate, and rather 'wider than thorax, at the 
base, nearly t'wice its length, subcylindrical, narrowed behind the posterior 
femora; distinctly striate - punctate, iniemtices '^vith well-marked serial 
punctures and somewhat rugose. 
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Scape straight, inserted immediately before the middle, gradually iii- 
crassate, attaining the centre of the eye ; 2nd joint of funiculus as long as 
the 1st, 3-5 rather broader than long; club indistinctly articulated and 
hardly broader than the preceding joint, but appealing more ovate when 
exammed in another way. Legs noimal, penuliimate tarsal joint slightly 
dilated but not lobed. 

Female. — Eoatrum little more than half as thick as that of the male, 
cylindiic, shining, and much more finely punctate. Scape more slender, 
implanted behind the middle. Thorax more gradually }iaiTow(^d ant(‘riorly 
and less constricted in front. The vestiture less obvious. 

The pubescence causes this species to seem strange in Pentarthrum ; 
still, I fail to detect any good differentiating characters. 

Length (rostrum inclusive), 4 mm. ; breadth, 1 mm. 

Pitt Island. 

Mr. T. Hall. 

Agastegnus Broun. Man. N.Z. Coleopt., p. 805. 

96. Agastegnus ornatus sp. nov. 

Subdepressed, elongate, nitid ; sparingly clothed with slender yellowish 
pubescence ; elytra testaceous, with an irregular broad pitchy-brown fascia 
on each, extending obliquely forwards from the hind thigh to before the 
middle but not quite reaching the suture, and a smaller dark spot behind 
but distant from the side ; the head, front of thorax, and the club somewhat 
piceous ; the rest of the body, legs, and antennae bright chestnut-red. 

Kostrum rather shorter than thorax, a little narrowed towards the base, 
moderately finely punctate. Head narrowed anteriorly, more distinctly 
and closely punctured than the rostrum, the occiput smooth and s hinin g. 
Eyes subrotundate, slightly prominent. Thorax abruptly constricted near 
the apex, about as long as broad, the sides behind the constriction strongly 
rounded ; disc rather flat, with a smooth linear space along the middle 
terminating in a well-marked basal fovea, its punctation distinct, closer 
at the sides, its apex nearly smooth. Scutellum smooth. Elytra rather 
broader than thorax at the base, nearly parallel-sided, gradually narrowed 
posteriorly ; they are distinctly striate ; the pmictation of the striae, liow- 
ever, is not sharply defined, and appears crenate on some parts ; interstices 
finely punctured and rugose, the 3rd and 5th somewhat elevated, the formei* 
near the extremity, the latter behind the dark median fasciae. 

Underside shming, piceous, wuth some slender grey setae, the pro- 
sternum with distinct yellow ones, and rather coarsely punctate. The 
metasternum elongate, more finely punctured on the middle than at the 
sides ; behind each of the interme^ate coxae there is a well-marked fovea, 
and along the hinder half a median groove. Basal ventral segment nearly 
twice as long as the 2nd, strongly rounded between the coxae, broadly 
impressed in the middle, distantly and distinctly punctured ; 3rd and 4th 
short, with deep sutures ; 5th with a very obvious median fovea. Anterior 
coxae nearly as far apart as the intermediate pair. 

Legs moderately elongate ; tibiae with well-developed apical hooks ; 
tarsi elongate, their 3rd joint slightly dilated, excavate above, but not 
bilobed. Antennae mediaUy inserted, 2nd joint of the funiculus as long as 
the 1st, joints 3-6 transverse ; club oblong-oval, densely pubesceiii;, obso- 
letely articulated. 
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A brightly coloured species which, on account of the unusually large 
hniootli occiput, should bo placed in proximity to the New Zealand 
A. coloratus, 1630. 

Length (rostrum inclusive), 3-3 J mm. ; breadth, f-1 mm. 

Pitt Island. 

We are indebted to Mr. T. Hall for the discovery of this species. 

Obs , — In one example the dark marks on the elytra coalesce, and the 
thorax is more or less infiiscato. 

Group Anthribidae. 

, Anthribus GeofEroy. Man. N.Z. Coleopt., p. 645. 

100. Anthribus cristatellus sp. nov, 

Nitid, variegate ; fuscous, mandibles rufous, antennae fusco-testaceous ; 
legs castaneous, the tibiae with a dark spot below the middle, a pale spot 
above, and another near the extremity ; vestiture hairlike, unevenly dis- 
tributed, pale tawny and obscure reddish, the pale setae concentrated and 
forming a large spot near the front angles of the thorax, each elytron tri- 
cristate near the suture. 

Eostrum, mandibles exclusive, a third of the length of thorax, broad and 
flat, medially emarginatc ui front, slightly nairowed towards the eyes, ratlier 
closely punctate, usually rufoscent. Thorax of about equal length and 
breadth, moderately narrowed before the middle, slightly romided behind, 
the truncate apex with deflexed angles, its punctation moderately coarse 
and close ; the carina is very near the base, truncate in the middle, rounded 
towards the sides, without forming the least trace of posterior angles, and 
prolonged half-way along each side. Soutellum minute, merely a grey 
speck. Elytra only a little longer than thorax, of about the same width 
as it is at the base, truncate there, gently curvedly narrowed posteriorly, 
with broadly rounded subtruncate apices, leaving the broad vertical 
pygidium exposed ; they arc striate-punctate. 

Antennae rather shorter than the head and thorax, inserted below the 
sides of the rostrum nearly midway between its apex and the eyes ; their 
2nd joint rather longer than the uncovered portion of the 1st, jomts 3-8 
gradually yet only slightly shortened successively, clavate at the extremity, 
the 8th evidently longer than broad ; club densely pubescent, of about 
the same length as joints 6-8, basal joint triangular, the terminal ovate or 
rotundate. 

Underside piceo-fuscous, very finely pubescent. Metasternum short. 
Basal ventral segment, in the middle, almost as long as the 2nd and 3rd 
united, obtusely angulate between the coxae, 6th reddish, longitudinally 
concave. Prosternum moderately coarsely pmiotate. Anterior coxae 
slightly separated. 

Eyes free from thorax, widely distant from each other, moderately 
prominent, with distinct facets, obliquely oval, entire. . Tarsi narrow, their 
3rd joint as long as the 2nd, with slender lobes. 

This must be located in proximity to the New Zealand A, l&ioisiy 2988. 
The thoracic carina is not exactly similar, being a little closer to the base, 
with obsolete broadly rounded posterior angles. Some specimens are more 
dully coloured and less variegated. 

Length (rostrum inclusive), 4J-6 mm. ; breadth, 1| mm. 

Pitt Island. 

Several specimens in Mr. Hall’s collection. 
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Tmnmctions. 


101. Anthribus propinquus sp. nov. 

Castaneous, shining, with in*egular fuscous marks, sometimes having an 
indefinite fascia behind the middle of the elytra ; legs and antennae nearly 
concolorous ; pubescence greyish-yellow, usually scanty and iinequully 
distributed, in some specimens rather dense towards the hinder part of the 
elytra. 

Rostrum subquadrate, narrower than the head, and, excluding the 
mandibles, barely half the length of the thorax ; it is coarsely, closely, and 
rugosely pmictured. Thorax widest between the middle and bas<^ gradu- 
ally narrowed anteriorly, obliquely towards the base, closely punctate; its 
oarina, in the middle, is slightly curved and separated by a short distance 
only, though quite distinctly, fi*om the elytra ; it is gently curved forwards 
and forms an obtuse angle at each side, where it extends nearly half-way 
towards the front, becoming gradually indistinct, the space between the 
obtuse angle and the base is thrice as great as at the middle. Scutellum 
small. Elytra striate-punctate, the striae beyond the sutural ones become 
indistinct behind the middle, interposed between the suture and first stria, 
at the base of each elytron, there is a short groove ; they are oblong-oval, 
fully double the length of the thorax, with subtruncate apices. Pygidium 
subquadrate, pubescent. 

Antennae longer than the head and thorax, 2nd joint obviously shorter 
than the elongate 3rd hut longer than the exposed portion of the 1st, joints 
3^ elongate, each becoming a little shorter than its predecessor ; club 
infuscate, densely pubescent, its basal joint triangular and distinctly longer 
than the intermediate, the terminal conical. 

Eyes almost contiguous to the thorax, widely separated above, large and 
prominent, subrotundate or broadly longitudinally oval, subtruncate but 
not at all emarginate in front. Tarsi moderate, basal joint as long as 2nd 
and 3rd taken together, the 3rd with narrow lobes. 

Underside castaneous, distinctly pubescent ; penultimate ventral seg- 
ment incurved at apex and, in the middle, much shorter than the 5tli. 
Anterior coxae almost contiguous. 

Almost congeneric with A. votes, 967, with longer antennae, the thoracic 
Carina more rounded and consequently forming more obtuse angles, and 
between these and the shoulders the gaps are more evident. 

Length (rostrum inclusive), 5J-6 mm. ; breadth, 2-2 J mm. 

Pitt Island. 

Nearly a dozen individuals secured by Mr. T. Hall. 

102. Anthribus pilicornis bp. nov. 

Minute, nitid ; testaceous, head and rostrum dark, each elytron with a 
large median fuscous spot which is bifid in front, and unites with its fellow 
of the other elytron, the suture behind each spot is also infuscate ; pubes- 
cence scanty, greyish, and suberect ; antennae with a few slender but elongate 
outstanding setae. 

Rostrum transversely quadrate, closely sculptured. Head short, im- 
mersed nearly to the eyes, distinctly punctate. Thorax nearly as large 
as the hind-body, its sides almost regularly rounded, gradually narrowed 
anteriorly, rather more abruptly near the base, the apex also curvate ; 
disc distinctly and moderately closely punctured, the intervals minutely 
sculptured ; the carina is thin, quite straight, contiguous to the elytra, 
and forms the basal margin, it extends downwards to the anterior coxae 
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without forming posterior angles, there are no lateral margins, but the 
pale upper sui*face is marked off at the sides by the dark-fuscous lower 
portion. Scutellum obsolete or entirely absent- Elytra shaped like the 
thorax, but little larger, the straight well-developed basal margin is con- 
tinued along the rounded shoulders and sides, apices subtruncate ; they 
are seriate-punctate, with slight sutinal striae. 

Antennae inserted in sulciform cavities, which arc piolonged downwaids, 
immediately in front of the eyes ; they are as long as the head and thorax, 
the basal 2 joints are subpyiiform, joints 3-7 are about equally elongate 
and a little incrassate at the extremity, 8th subtriangular, lather shorter 
than 7th ; club laxly articulated, minutely pubescent, and bearing also 
some setae like those on the preceding joints, the teiminal conical. 

Eyes entire, their greatest bulk from above downwards. Tarsi moderate, 
their 3rd joint with narrow lobes. 

Underside dark fuscous, except along the middle of the abdomen, which 
is testaceous. Sternum more coarsely punctured than the ventral seg- 
ments ; the spaces between the punctures are minutely sculptured ; the 
pubescence is indistinct. 

In size and coloration this someA\hat lesemblcs Dysnoayptus tesiaceiis^ 
2217, but the thoracic carina and other structural details are materially 
different. It is, I have no doubt, the exponent of a new genus. 

Length (rostrum exclusive), 2 mm. ; breadth, l| mm. 

Pitt Island. 

Two individuals only were found in Mr. Hall’s collection. 


(Iroup Lamiid.®, 

Somatidia Thomson. Man. N.Z. Coleopt., p. 600. 

103. Somatidia waiter sp. nov. 

Elongate, slightly convex ; the sides of thorax and of the elytra from 
the base to beyond the middle thighs, and also an irregular fascia behind 
the posterior femora which is more or less interruptedly prolonged along 
the suture to the apical scutiform mark, fusco-piceous ; antennae, femora, 
and middle of el 3 rtra rufo-castaneous ; tarsi and most part of tibiae testa- 
ceous ; pubeseiice flavescent, unevenly distributed, almost entirely absent 
from the dai’k areas, the erect setae slender, principally yellowish. 

Head distinctly sulcate along the middle. Thorax widest near the 
front, narrowed backwards so as to be of the same width as the elytra at 
the base, it is slightly transvemc, (‘oarsely and moderately closely punctuj*ed. 
ScuteUum triangular, usually concealed by the pubescence. EMra oviform, 
very elongate, nearly thrice the length of the thorax, disc subdepressed, 
very distantly and irregularly punctate. 

Antennae with fine yellowish-grey pubescence and numerous longer 
hail's, they do not reach the extremity of the body, 3rd joint about twice 
the length of 4th. 

The entire absence of crests at once removes it from S. antarctica ajid 
its immediate allies. It may be readily separated from 2582 by the 
elongated and somewhat flattened elytra, and by the transverse fascia being 
situated behind instead of being in line with the posterior feimora, <fec. 

Length, 5^-6^ mm. ; breadth, 2|-3 mm. 

Pitt Island. 
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Dedicated to Mr. Edgai R. Waite, Curator of the Cauterbuiy Museum, 
in recognition of his services in iiidiioiug Mi‘. T. Hall to ioim the collection 
which is dealt \vith in this memoir. 

104. Somatidia vicina sp. nov. 

Cupreo-fuscous, nitid ; femoia, knees, and a spoi near the extremity 
of tibiae lufo-fuscous, remainder of tibiae and the tami testaceous ; antennae 
fusco-rufous but be(*oming paler towards the eytremity, tliey l)(‘ar greyish 
pubescence and numerous longer hairs ; the vestnure ol tJie body is slender, 
pale brassy or greyish, unequally distributed, usually somewhat ooneenti'atcd 
along the middle of the thorax, on the oljtm so disposed as to leave nearly 
bare the humeral region, middle of the disc, a transverse sjiace on the 
hinder part, and the middle of the posterior declivity ; the erect setae ai‘e 
slender and var}^ from grey to yellow. 

Thorax slightly broader than long, its sides strongly roimded for two- 
thirds of the length, a good deal and somewhat obliquely nai rowed towards 
the base ; it is rather coarsely, irregularly, but not at all closely ]junctured. 
Elytra of the same width as thorax at the base, widest near llie middle, 
elongate-oval, convex, with a few scattered punctures. 

Antennae stout, reaching backwards to the summit of posterior declivity, 
their 3rd joint quite double the length of the 4th, w^hich is not tippreciably 
shorter than the 5th. 

Male , — ^Underside fuscous, with distinct greyish pubescence and slightly 
rugose sculpture ; basal ventral segment, in the middlt*, nearly as long as 
2~4 combined, distinctly margined and angulate between the coxae ; 5th 
fulvescent, finely margined and medially sinuate behind ; supplementary 
segment visible. The body more convex, rather narrower, thorax more 
regularly rounded and oviform than the female. 

S, ftinoides^ 1051, the nearest ally, has the thoiax closely punctuied. 
This is not the case in S, meina. 

Length, 31-4 mm. ; breadth, IJ mm. 

Pitt Island. 

Several specimens in Mr. Hall’s collection. 


Group C 0 CCINELLID.E. 

Scymnus Kugelann. Man. N.Z. Coleopt,, p. 645. 

106. Scymnus macrostictus sp. nov. 

Convex, oviform, nitid, with numerous suberect slender greyish setae ; 
rufo-fuscous ; legs, antennae, and palpi testaceous ; each elytron bimaculate, 
the spots very Im’ge, occupying about half of the whole surface, and more 
or less fulvescent. 

Head immersed up to the eyes, rather finely and distantly punctate. 
Thorax twice as broad as long, apex widely but not deeply incurved, with 
obtuse angles; the sides regularly roimded and slightly explanate, with 
dktinct margins, posterior angles rectangular, base medially curvate and 
slightly sinuate towards the sides; the surface rather finely, yet quite 
perceptibly, but not closely pimctured. Scutellum triangular. Elytra 
closely applied to thorax at the base, of about the same width there, thiice 
its length, their punctation coarser than that of the thorax. 

Antennae with the 2nd joint small, distinctly marked off from the thicker 
basal, 3rd elongate, joints 4-7 rather longer than broad, 8th at its apex 



Broun. — Colfoptc}ou,s Fauna of the Chatham Idands. 


115 


almost as broad as the base of the 9th ; club rather elongate, compact, 
tiiarticiilate. 

Eyes moderately large, enliie. Maxillary palpi with subsecurifoim 
terminal joints. Claws subdentate near the base. 

Underside distantly and finely punctate, with yellowish pubescence ; 
shining, fuscous, but with tlie broad epipleurae and 1th and 5th ventral 
segments testaceous. The sternal striuture coiiesponds with that of the 
New Zealand F. acceptvs, 1131. 

Easily known by the large fiilvescent elytral spots. 

Length, mm, ; breadth. mm. 

Pitt Island. 

Disi'overcd by Mr. T. Hall. Evidimtly rare. 


Art. XIII. — Noteii on Entomological (Collecting Tours (luring the treasons 

1908-9 and 1909-10. 

By H. Hamilton, A.O.S.M. 

Communicated by A. Hamilton. 

\Hp(id hffoiP th Wplhmjton Plulo'^ophical tiociety, Ot/i July, 7910.] 

A. Season 1908-9. 

The following is an account of a collecting tour undertaken b}^ myself and 
Mr. F. S. Oliver on behalf of the Dominion Museum during the season 
1908-9. 

Our instructions were to collect as many specimens of Lepidopteril as 
possible, for the pui*pose of making comparisons between series of species 
from different localities. 

We started collecting on the 2nd November, 1908, and ended on the 
3(Kh March, 1909, practically five months in all. 

On the 9th November, 1908, we journeyed from Dunedin to Moeraki, 
a small fishing seaport south of Oamaru. We were specially instructed 
to look for pupae and larvae of Argyrophem/a antipodum. a peculiar variety 
being found in that localit 3 \ Although we failed to find any traces of 
antipodum, a large variety of moths was taken at treacle in the bush round 
the port. 

We noted a large number of Melanchra ewingi flying about in the sun 
and feeding on the wallflower in Mr. Hart’s garden. 

The same evening we treacled again in the bush on the hillside, uith 
satisfactory results. The catch included Leucania moderaia, Melanchra 
decorata, M. disjungens, M. ewingi, M. levis, M. mutans, M. omopJaca, 
M. prionistis, M. pl^, M. stipata. M. vitiosa, Rhapsa scotosialis, Selidosema 
dejectaria, panagrata, Venusia undosata, Ohhroclystis biUneolata, Tato- 
^oma agrionata, Elma glaueata, Hydriomena caUichlora, Asaphodi^s siris, and 
A. megaspilata. 
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2'ramaciio}n, 


Collecting in tlic daytime gave very poor rosiilts, only one Vanesha cat din 
being seen, but tjeacling in the evomug was a greater success than over. 
The night was warm, and the treacle was laid lust after sundown. On one 
patch of treacle alone fifty Melanchia ewiniji were counted, all struggling 
to get a share of the sugar. 

In addition to the captures of the two previous iiighis, \V(* got (hthusia 
comma, Mdanckra neurae, and Acjrotis i/psiloti, besides two more Mchnwhn 
levis. 

We left Moeraki next day, and proceeded to Waikouaiti and Waitati, 
but beyond a few common moths nothing worrh recording was taken. No 
doubt the poor catches in this place were due to the attractiveness of the 
native flowers. 

After spending a few days in the neighbourhood of Dunedin we pro- 
ceeded to Outram, or, rather, Woodside, a small township at the foot of the 
Maungatua Range. There is some very fine native bush to be seen there, 
especially in a place called “ The Glen.” Contrary to our expectations, 
and perhaps owing to the inclemency of the weather, our collecting was 
very poor. Night work was poor, and oui* only results were obtained by 
beating the bushes vigorously Melmchra ewingi was plentifid, .iiid used 
with excellent results by the local sportsmen as a bait for trout fishing. 

On the 26th November we proceeded to Waipori, being instructed to 
make a special collection of M. disjungcns horn this locality. The countiy 
is mainly covered wdth tussock-giass. Our first evening’s treacling was 
round the fence-posts, and although a biting cold wind was blowing we 
had fair results. Great was the excitement when it was noticed that tlieie 
was a peculiar whitish moth unknown to us on the treacle, along with 
Leucania moderata, Orthosia comma, Mclanchra ewingi, M. mutans, and 
M. disjmigens. During our three days’ stay there wc got a remarkable 
series of this moth, which eventually proved to be Physetica caendea. The 
forms range from an almost pure white with yellow spots to dark steel- 
blue, the typical form. Such a remarkable case of variation is seldom 
met with, especially in one locality. The day collecting was very poor 
at Waipori, as the weather was dull and cold, with cold logs at night. A 
few Argyiophenga antipodim were taken, and several species of Notoreas, 

Our next rendezvous was Lumsden, en wute for the Cold Lakes District. 

At LuniPden we treacled on the fence-posts in the river-bed of the Ortdi, 
the only vegeiatiou being gorse-bushes. Good results wore obtained, com- 
prising Melanchra moderaia, M, mutans, M. ewuigi, M. disjungens, Orthosia 
co?mna, Leucania griseipennis, and Melancha lithias. The last named was 
forwarded as mutans, but on inspection was found to be the rarer moth. 

The following day a few Argyrophenga antipodum were taken on the 
hills near Lumsden, and immense numbers of Nyctemera annulata were 
seen everywhere. 

Queenstown was reached the same day, and two days later, on the 7th 
December, we reached MacetoAvn, our principal field for operations. 

The following morning we found the ground covered with snow to a 
depth of 2 m. Macetown is situated at an altitude of 2,000 ft., and is 
subject to peculiarly rapid changes of climate. We were bitterly dis- 
appointed to see the higher hills covered in snow, as we were going to make 
special efEorts to get alpine forms. However, the snow soon started to 
melt, and we impatiently waited for finer weather. In the evenings we 
treacled in many places round the township, having the schoolhouse for 
the centre of our operations. 
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Durinii our slay at Macetown, from the 7th to the 21sl December, we 
obtained an incredible numlier of moths at the treacle alone. Even on 
rainv and cold windy nights there used to bo hundreds of the commoner 
moths round the treacle. The iollowing is the lis+ of the moths that \\e\Q 
extiemely common : Otthnsm comma, Leuenma atnsfnga, L. moden ta, 
L, unica, M<Iayich(t cucuVina {?), M. disjunqens, M. eivingi, M. miCam, M, 
yloia, M, nstibtruja, Bitjjla defigurata, and Agroth ypsiJon, The less-common 
varieties included Physeiica caetniea, Leucania gnscipcvnis, L. nulhfoa, L, 
sem^mttata, L, luiica, Ichneuticn coaumas, Mehncha maya, M. paia- 
causta, M. pictuia^ and M, tubemnis. During those fouideen days we pro- 
bably forwarded over sixteen hundred moths and butterflies to Wellington. 

On Saturday the 12th December we made our first excursion into the 
localities known to be the habitat of Erchia pbiio var. micans, Strange to 
say, a locality at an altitude of about 3.0f)0ft. on the Arrow Eiver which 
at about the same time of the year in 1907 yielded many specimes of Eichia 
micans failed to give us any specimens. We took only one battered micans 
and saw one other, but were rewarded for our long tramp by getting a fine 
series of about eighty Metacrias Imttoni on a tussocky island on the Arrow 
River. We did not sec any females, but judged them to be present by 
the way the huttoni continually hovered over bunches of tussock, apparently 
on the look-out for something. A few Argyrophenga antipodum and scveial 
species of Noioreas were also taken that day. 

Another locality was visited next day, and the results were better, 
although the sun was continually being obscured by clouds. Erchia plulo 
can only be located when the sun is shining strongly and continuously. 
This beautiful black butterfly is then to be seen hovering over the shingle- 
shps, and apparently following well-defined air-tracks. It was noticed that 
the best way to capture them was to sit close by a place they had been seen 
to pass, and keep perfectly still. Presently one would come sailing along, 
and apparently not notice the collector. A A^-ery quick movement with 
the net was necessary to catch the insect, and if you missed the first stroke 
the chances were all on the butterfly escaping. On being disturbed they 
make rapid jeiky upward movements, and soon get out of the danger-zone,* 
flying away to some other slope. As soon as the sun is obscured by a cloud 
all the butterflies alight and remain motionless till the sim shines again. 
As sunshine is the exception rather than the rule on these mountain-tops, 
Erc^m-hunting is very trying to the patience. 

Notwithstanding the mifavourable weather, we managed to get about 
twenty-five Erchia micaris in good condition during this, our first, visit 
to Macetown. Ichneutica ceraunias and Leucania gyiseipennh were fairly 
common, but in bad condition. 

Hoping that the weather would clear up for good, we started back to 
Queenstown on the 22nd December, on the way to Glenorchy. Grlenorchy 
was reached on the 29th December, and our hopes were for a spell of fine 
Aveather, in order to work the tempting mountains that lie on the Avest side 
of Lake Wakatipu. We were especially anxious to get specimens of that 
rare butterfly Erebia or Erebiola hidleri from a locality on the Humboldt 
Mountains discovered by Mr. G, Y. Hudson, F.E.S., in 1894. A fall of 
snow and cold and boisterous weather gave the mountains a mantle right 
down to the bush-line (3,600 ft.), and all we could do for ten days was to 
sit in the hotel at Glenorchy and wait. We Avaited and waited until we 
almost despaired of seeing fine weather again, and eventually left Glenorchy 
dn the rain) for the south in search of finer Aveather. 
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Tran'^aciiom. 


We went unht down to Invercargill, finally stopping at Wallaccvillc, 
about nine miles out of town. Mr. Piiilpott, who lives near there, was 
exceedingly kind lo us, and gave us the benefit of his wide experience of 
collecting in those parts. When out with him one evening we had the 
good fortune to take two specimens of that rare moth Mcianchra cxquisita, 
of which previously there were only four specimens known. We also got 
bcventy-odd fine specimens of a dark variety of Arqifrofhetiqa anti'podxun 
horn the rushes in a paddock. 

Our next instructions from headquarters were to go back to Macctown, 
as we seemed to have been most successful there Stopping at Lumsdeii, 
ue laid down the treacle on fence-posts round the town, and were rewarded 
by getting a number of moths in excellent condition. A dark variety of 
fhthosia comma was plentiful, and the following comprised the rest of the 
catch : Leucania afnstiu/a. L. moderata^ Z. ptopria, Melanchra dujungem, 
.V. nvingi, M. mu^ans J/. pnonistis, M. plena, M. rubescens, and Bityla 
defigurata. 

The following dav, in Queenstown, we took cardui, Chrijso- 

plianus enysii, C. salustius, C. boldenarum, and Ljjcaena phoehe during a 
walk round the track to Glenorchy. 

We arrived back at Mac et own on the 22nd January, and for the first 
few days the weather w’as execrable fi’om an entomologist's point of view% 
although the miniiig-men seemed to be perfectly satisfied. 

During the first three da vs at Macetowm we kept a tabulated record 
of the moths taken at night. The following is the list 


Orthma comma 
Leucania atristnga 
,, qmeipennis 
„ modeiata 

., nulhtera 

,, pt'opia 

semivittata 

Melanchra disjunqens 
,, eieinqi 

mnya 

„ mutam 

„ pelistis 

pnonistis 
mhescens 
,, ustistnqa 

Bityla defigurata 
sericca 

Agrotis ypsilon 


22n(l. 

23rtl. 

24tli. 

24 

16 

2 

78 

71 

71 

1 

1 

1 

4- 

12 

4 

1 

2 


52 

48 

40 

. , 

2 

4 

1 


1 

, . 

3 

2 


4 

1 

5 

5 

4 

12 

18 

13 


1 

1 


6 

12 


, . 

1 

i 

1 


4 

8 

3 

6 

30 

11 


It mu&t be understood that there were countless numbers on the treacle, 
and the ones listed are only those in peiiect condition, and which were 
posted to Wellington. 

On the 27th January, as the w^eather showed signs of clearing, we packed 
up for a stay in a hut up Advance Peak. This shepherd’s hut is situated 
on the site of an old mine called the Sunrise. Advance Peak itself is 
5,650 ft. above the sea-level, and the hut is considerably over 6,000 ft. A 
good track leads right to the door, and we were for1;unate in having our 
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goods packed up by borse. The only vegetation is the stunted heath and 
tussock (snow-grass). 

On the folloAving day, a beautifully fine one, we had a most enjoyable 
collecting. Among the species that we took were Erehia phto, Vmiessa 
gonerilla, A) (jijro'plienga antipodum, Leitcania griscipemiis, Dasynris hccton, 
D. anceps, Notoreas insignis, N, orphnaca^ N. mcchanitis, N, pcronata, N, 
trephosala, N, zopyra, and N. vulcanica. We came to the conclusion that 
the time for Eicbia micans was over, as this butterfly was known to be 
plentiful in that locality earlier in the season. 

During a ten days’ stay up the mountain a la]*ge number of species was 
captured, and especiallv notable was a Melanchra piclula, on the treacle, 
at 5,000 ft. 

Treacling at Macetown proved remarkably successful. Theie were so 
many moths round each patch of sugar that we did not know how to pick 
out the rarities. The best wore ten beautiful examples of Melanchra pictula 
and fourteen of Melanchra maya. 

It is a curious fact that we failed to notice a single specimen of Leveama 
unica during our second visit to Macetown. They seemed to have dis- 
appeared entirely, which is remarkable, considering what an enormous 
number there were only a month before. 

During our two visits to Macetown we estimated to have sent between five 
and six thousand specimens ol various species lo Wellington for selection. 

Our next instructions were to proceed to Glenoichy, at the head of 
Lake Wakatipu, and make special endeavours to got spcciments of Erehia 
hutleri. Accordingly we left Macetown, and arrived at Glenorchy on the 
10th February, 1909. 

The following day being beautifully fine, a start was made for Bold 
Peak, on the Humboldt Range. Half an hour’s easy rowing across the lake 
and a steep climb of about 2,500 ft. over biuiit-forest area brings you to 
the sharply defined bush-line Almost as soon as we got into the snow-grass 
and tussock Erehia hutleii was seen flying lazily about in the sunshine. 
Proceeding a few hundred feet higher, we were soon busy taking it. 
Argyrophenga antipodum were extremely abundant, but we confined oui*- 
selves chiefly to the capture of the rarer butteirfly. On that day and 
another which wc spent in that locality we succeeded in getting nearly a 
hmidred specimens of E, hutleri^ the proportion of females (all in poor con- 
dition) being 1 in 10. 

The alpine flora to be seen on that range is wonderful, and at a higher 
altitude we seemed to be in one of nature’s most beautiful rock-gardens. 
It would need more than the description of even an ardent botanist to fully 
appreciate the beautiful sights to be seen there. 

Higher up still, at an altitude of about 6,000 ft., we came upon small 
colonies of the true Erehia pluto. Twenty-three specimens, of unusually 
large size, and in the best possible condition, were taken from the shingle 
slopes on Bold Peak. It was again noticed that these Erehias had a habit 
of flying over well-defined air-tracks, and they were also extremely hard to 
kill, as they frequently revived after being in the cyanide killing-bottle for 
half an hour or more. 

Our next journey was to the Routeburn Hut, at the foot of Lake Harris 
Saddle. We spent five days there, and encountered very mixed weather. 
One fine day spent on Lake Harris Saddle w»'as very disappointing to us, and 
we took only two Erehia hutleri, a few Argyrophenga antipodum, and several 
species of Notoreas, The flowering-plants seemed to be over, and there was 
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very little insect -lite to be noted. We were disappointed at this, as we were 
looking forward to some interesting collecting on tins saddle. 

The bad weatliei -conditions (cold, shai-p nights) made the night collect- 
ing poor round the hut. The ribbonwood (Plnqiantluib Lyalli) was in full 
bloom, and we got most of the moths round that, with lights. Declana 
■poccom and Melanckra mhescens were very common, with an occasional 
A/. miLtans. One very battered specimen of that beautiful and rare moth 
Leucania puidei was taken round the ribbonwood-blossom Treacling 
failed to produce an^d;hmg. the blossom being too strong a counter- 
attraction. We left Kouteburn feeling that we had not been sufficiently 
rewarded for oui‘ e-fforts. 

We left the Cold Lake District finally on the 20th Februaiy, and 
returned to Invercargill district, -with the hopes of getting good collecting 
roimd the ragwort and Canadian thistle that infest the locality. 

WallacetoAvn, Orepiiki, Moeraki, and Raiigitata were visited without 
much result. 

Castle Hill, on the old West Coast Road, was next visited, in the hopes 
that we might be able to find forms recorded by Enys many years ago. 
Erebia pluto is said to occur on the ranges in the ^’^clnitv of Mount Torlesse ; 
but, whether the weather was too bad or the butterflies were over for the 
season, we were unsuccessful. 

Finally we were ordered to Nelson, with instructions to woik the Dim 
Mountain thoroughly. The weather and the lateness of the season (om- 
bined to make our tiip unprofitable. Apart from a few of the special form 
of Argi/rophenga from the Dun Mountain, one Dodonidia hclmsi and a few 
Soctuae obtained round Nelson, we did not get anything worth recording. 
This is unfortunate, as Nelson is a good locality for collecting, as is evi- 
denced by the good local collections of Lepidoptera that are to be seen. 

We left Nelson on the 29th March, and concluded operations for the 
season 1908-9. 

It is a well-established fact that this season was an unusually bad one, 
regarded from an entomologist’s point of view. Not only in the >South 
Island did we have the bad weather, continuous reports from collectors in 
the North told of equally bad weather in their districts, and we must he 
thankful that we did so well while the fine weather lasted. Without a 
doubt Macetown was the most productive numerically, but I doubt if the 
series of PJiysetica caerulca obtained from Waipori was not more interesting. 
The wonderful variation in the same species, and the gradation from one 
marking to another, makes this series especially valuable. 

The practice of taking all moths in good condition from every locality 
tends to show that some forms are most variable, and m others it is 
impossible to detect any variation. 

It is hoped that our modest endeavours to record entomological facts 
will be appreciated, and we are deeply thankful to the Dominion Museum 
Department for the opportunity of doing so. Our knowledge of the New 
Zealand Lepidoptera must necessarily be incomplete until a large amount 
of collecting and recording is done, 

B. Season 1909-10. 

The following notes and observations were made by the writer during the 
season 1909-10 — ^from the 26th November, 1009, to the 25th March, 1910— he 
being employed by the Dominion Museum as collector dming this period. 
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As ill the previous season four months of collectin^> had been done in 
the South Island, it vras intended that operations were to be confined chiefiv 
to the North Island of New Zealand, but eventually a considerable time 
was spent in Southland and Westland. This was due to the fact that the 
North Island seems to be poorer in Noctuae than the South. 

Active operations were commenced on the 29th November in the neigh- 
bourhood of Morere, Hawke’s Bay, a small settlement with notable hot 
springs. The native bush in the vicinity of Morere has been nearly oblite- 
rated by the advent of the settler, but there is one splendid patch round 
the hot springs conserved by the Government for scenic purposes. 

Sugaring and attracting bv light were the chief methods employed to 
get collections of the moths. During my fortnight’s stay here the weather 
was not good, and collecting suffered to a certain extent. 

Amongst the commoner Noctuae taken at treacle were 0)tho$ia comma, 
Leucanin aUistrif/a Melaixchra ewinqi, Jf. insignis, Af. lignana, M. wuians, 
M, 'pelistis, Bityla defigurata, I'pana leptofnera, Declana foccosa, and D. 
junctilinea. I also had the good fortmie to take a perfect specimen of 
Cos7nodes elegans at treacle, and also that rare moth Orthosia margania. 
Two good specimens of Hepialus virescens were taken at light in the bush, 
and later on in the season they would do doubt be common, as nearly every 
makomako (Aristotelia racemosa) showed evidences of extensive borings by 
the caterpillar of that moth. In the same locality four years previously 
I caught a beautiful orange-yellow variety of the male Hepialus hanging 
on to one of the incandescent lamps (fed bv natural gas) that light the 
bush-track to the hot springs. 

Collecting along this track in the dense bush was fair, and the follow- 
ing is a list of the species taken : Tatosoim sp., CJihrochjstis hilineolata, 
Hydriomena similata, XanthorJioe cineraria, Leptomeris ruhrario, Selidose^m 
aristarcha, S, dejectaria, S. panagrata, S, suavis, Scstra flexata, Gonophylla 
ophiopa, Qxid a few Chmnbi and micros. On hot sunny days ms 

salustius was fairly common on the watercress-flower, and the darker form, 
C, enysii, was also taken from the same places. Lycaena pJioebe was also 
to be foimd, chiefly on the roadside, and an occasional hibernated specimen 
of Vanessa go^ierilla was noted. 

On the 17th December 1 left Morere, and proceeded by steamer 
from Gisborne to Auckland, with instructions to collect in the vicinity of 
the Waitakarei Kanges, about twenty miles south-west of Auckland. The 
bush on the Waitakarei Eange is fairly heavy, and is not much interfered 
with by agricultural and pastoral operations. 

Altogether I spent three days in the bush, and collected the following 
species : Orthosia comma, lleliothis arnngera, Plusia transfixa, JRhapsa 
scotosialis, Hydriomena deltnidata, IL gobiata, Venusia veirkulata, Selidosema 
aristarcha, S. dejectalia, E, panagiatn, Chalaslra pelwgata, Sestra fexaria, 
Gonophylla nelsonaria, G, ophiopa, Drepanodcs muriferata, and Ipana 
leptofnera. The Plusia transfixa mentioned is rather rare, and previously 
has been recorded only from the Thames district ;* it is probaldy an intro- 
duced species, now naturalized ; and the finding of Gonophylla ophiopa is a 
considerable extension of its northward range. 

My next move took me to Kamo, about four miles out of Whangarei. 
and there I spent the New Year. Collecting there was very poor, and 
the only things of any note taken were Heliothis aimigera and Orthosia 


* Tran^. N.Z. Iiibt., vol. 41, p, a. 
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iminiims. Among the commoner varieties wcne Plusia chalcites, Leucania 
mode (ita, L. udipuncta, MeJanckrn ewingi, Tthopsa acotosialis, Hydriomena 
deUoidata, H. qdbiata, Euckoeca rubropunctaria, Vmusia verriculata, Xan- 
thorhoe stinaria, SeliJosema dejectaria, S. panagrnta, Sestm flcxata, and 
JDrepa nodes muriferata, 

Four sxDCcimens of a small micro were taken while beating for beetles, 
which proved on examination by Mr. A. Piiilpott to be Coriscium miniellum. 

On leaving Kamo on the 8th January, 1910, I proceeded north as far as 
Eussell, Pay of Islands At Eussell I saw a single specimen of Vanessa 
itea on the summit of the historical Flagstaff Hill. The only moths taken 
at night were Ipann leptomera and Orthosia comma. The manuka scrub 
seemed to be alive with large singing locusts, j^elampi>atta cingulata, and 
several fine specimens were taken. 

Apart from these cicadas there seemed to be a marked dearth of insect-life 
at this time. The same fact has been noted by Mr. A. Hamilton, the Director 
of the Dominion Museum, during his recent tour north of Auckland. The 
gum lands and manuka -scrub plains seem to be very poor in insects. 

The collecting in the Noith being poor, I was recalled to Wellington, 
with the idea of trying the South Island fields again. Mount Arthur table- 
land was to have been visited, but eventually it was decided that I should 
go to the Humboldt Eange, near Queenstown district, Lake Wakatipii. 
Collectorh who had been in Queenstown district at Christmas brought very 
bad reports about the scarcity of Lepidoptera at that time, and I went 
expecting to be disappointed 

The previous season, collecting for the Dominion Museum in company 
with Mr. F. S. Oliver, of Christchurch, we had a very successful time on 
Bold Peak, prominent on the Humboldt Mountains, and directly above 
Kinloch. Then we took that rare butterfly Brebia buileri and some large 
Erebia pluto on the higher slopes of the mountain, but we were unable to 
do any night work at these higher altitudes. Bold Peak is easily accessible 
from Glenorchy or Kinloch, and good collecting can be obtained above 
the bush-line, 3,600 ft. The flora on the slopes of Bold Peak is specially 
rich ill Veronicas, and knowing what an attractive blossom Veronica is for 
Nocluae I was anxious to get some night ivork at these plants. 

On the 31st JaniLiry, 1910, I arrived at Kinloch, and by the evening 
of the same day had a camp pitched just above the bush-line on the way 
to Bold Peak. I treacled the birch bush in many places, but failed to 
attract a single motli, for reasons that were apparent later on. Dui'ing the 
two following beautifully fine days I made excursions up to the altitude 
of about 6,500 ft., and had splendid catches of Erebia buileri and E, phito. 

The buileri seemed to be in poor condition, and, although the proportion 
of females to males was greater than that of the previous season, about 
fifteen males were taken to every female. This may be due to two facts — 
(1) a female Erebia butlei'i on the wing is easily mistaken for a dark male 
Argyrophenga antipodum, especially if you cannot see the underside ; (2) as 
a rule, the habits of the E. buileri are sluggish, and it does not make long 
flights ; it frequents some particular tussock-clump and flutters about 
there. Their position is generally indicated by watching the movements 
of the males, and noticing where they hover for a longer time than usual. 
During the bright sunshine the male buileri is seldom ever at rest, and 
appears to fly backwards and foi'wards along well-defined routes within 
certain natural bormdaries. This “trade-route’' habit is specially charac- 
teristic of the movements of E, pluto also. 
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Erehia pluto occurs on the slopes of Bold Peak from 3,600 ft. to where 
the snow-grass and tussock thins out, at about 6,000 ft. At the latter 
height you come on to the shingle-slips and rocky slopes where E, pinto 
reigns. I was fortruiate in the two fine days I had on the mountain to get 
over thirty specimens of that butterfly, neaily all of which were in the best 
possible condition. The platos fron) this locality are much larger than 
any other recorded specimens, having on the average an expansion of 55 mm. 
There seems to be groat vaiiation in the number of white spots on the upp<*r 
wing, and in one case spots wore found on the lower ving. 

On the night of the 2nd February I had a wonderful time collecting 
from clumps of Veronica growing at about 3,700 ft. on steep rugged slopes. 
Just at dusk the moths started to collect, and I had a brCsy time netting. 
I found it was much easier and better to let the moths settle on the Vtnomcn 
flower and then bottle them. Melanchra pelistis was exceedingly common, 
and the same can be said of OHhosia comma, A large number of Leucania 
qriseipemiis were taken, all in splendid condition and of unusual size. No 
less than eight Melanchra maya were taken on that same night, and also 
three of a now species, not unlike Melanchra disjunejens/' 

The following also occurred : Melanchra rvbescens, M, prionisfis, M, 
pelistis, M. levls, Selidosema dejcctaria, S, monacha (a very lare and little- 
known species, of which male and female were taken), Epirranthis alec- 
tor aria, Xanthorhoe clarata, X, cataphracta, X, adonis, Ihjdromenn deltnuiata, 
No* areas sp., and a now species of Selidosema, Dasyuri'^ hector i was also 
taken on the liighcr slopes of Bold Peak. 

It will be seen that the locality is a very rich one, and taking tiiree 
new or lifctle-known species in a single night is very eiK'Ouraging. It may 
be mentioned hero that the season was much earlier this year owing to the 
exceptionally mild winter in that locality during 1909. Plants that were 
flowering at the same date in 1909 were entirely over, and no doubt this 
had some efiect on the insect-life. Two new species of Voleoptera were 
found at high altitudes, and will be described by Major Broun. 

After this successful time on Bold Peak I went down to the lowlands 
in the vicinity of Invercaigill, collecting chiefly at Wallacetovui and Sea- 
ward Moss. On the 10th February, in company with Mr. A. Philpott, of 
Invercargill, I made a trip to Seaward Moss, about twelve miles south-east 
of Invercargill, in scaich of a small species of Noforeas called synclinalis. 
Although the day was exceedingly windy, we managed to get about thirty 
picked specimens of that licautiful moth. On a fine day wc should havi' 
taken any c]uauiity. 

In the vicinity of Wallacetown the following were taken ofl the rag- 
wort, then in full bloom: Otlhosia immunis, Leucania semivitiata, L, toro- 
neura, Melanchra rimtans, Talosorna topea and sp., Ehia (jlaucata, Hydrin- 
rnena deltoidata, II, gobiatn, II, rixata, Yenusia iirifhmifi, Xanthorhoe clarata, 
Selidosema dejcctaria, aud S, panagrata. 

On the 14th January I proccedt*d, by instructions, to Waipori, situated 
twelve miles west of Lamence, at an altitude of 2,000 ft. In the season 
of 1909-10, in company with Mr, Oliver, a wonderful series of Physetica 
caerulea was taken on the 26th November, 1909, at this locality, and I was 
anxious to get some more specimeus. On treacling round the same locality, 
and under perfect conditions, not a single one was seen, however, and, in- 
stead of having dozens of moths on each patch of treacle, the total catch 


* To bo ilcsciibeU as Jf, oltrm. 
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for the nii;ht < oobistod only of Otfhosia comma and two Meh'iwhta ewuvji (?). 
The following night was not so successful, as I failed to get even a single 
specimen. This can only he put down to the lateness of the season, 
altliough there w^ere plenty of Arqyrophenqn antipodum, Notoicas hrephos, 
and qnnerilla flying in the daytime. Chysophamis holdmamm 

was very scarce in places where there tvere any quantity the year before. 

On the way back to Wellington I stopped at Mocraki, and in company 
with Mr. G. Howes, of Dunedin, spent the night of the 23rd February 
treacling in the bush at the back of Port Moeraki. On that and the follow- 
ing night I took the following species : OHhosia comma, Leucama sulcana, 
Udelanchnt decornta (four specimens), M, mutans, M, plena (very common). 
If. stipata, Bhapiia scotosiahs. Yenusia undosata, Xanthorkoc rosearia, Epiir- 
ranthis alectorann, Selidoscma dejeetaria, aS. melwafa, S, panaqrnia, Dechma 
floccosa, and D. niventa. 

No more collecting was done until the 12th March, when I camped on 
Mount Greenland, near Ross, Westland. Mount Greenland rises to a height 
of 2,968 ft. above sea-level, and the top is fairly open country. I stopped 
at a hut in the subalpine vegetation, elevated about 2,500 ft., intending 
to see what moths came to a flow^ering bush of Veronica which grew at 
the door of the hut. I staved there four nights, and got good results, 
especially on the warm Jiiisty nights tvhen there was little cold wind 
blowing from the main range. Strange to relate, the commonest moth 
there was Leucama alopa, which is considered rather a rarity at othei* 
places. Every evening I treacled the stunted trees, and even treacled 
Veronica blossoms, bur got nothing by that method ; ever\i:hing had to 
be netted. It is a peculiar fact that the smoke or heat from the hut- 
chimney seemed to attract many moths : perhaps they were only trying to 
get to the source of light. By far the most important capture was that of 
a single specimen of Junonin velleda, a butterflv that in 1886 was common 
in Wellington, and has been recorded from New Plymouth in 1893 and 
Motueka in 1898. Since 1898 no other specimens have been seen in the 
South Island until I got this damaged specimen at Mount Greenland on 
the 14th March, sheltering under a flax-bush during the pouring rain. Not 
expecting to And a rarity like that in such a locahty, I mistook it for Vanessa 
cardui, and only by chance sent it up for examination. 

The season w^as undoubtedly nearly over for collecting on the West 
Coast, but I made a trip to the Styx Saddle, near Browning’s Pass, on 
the main Southern Alps, I did not expect to get much, but wanted to 
see if the locality was a suitable one for collecting earlier in the season. 
Nevertheless I took a large male Porina.'*' darker and less spotted than 
usual. Specimens of Leucania aJopa, L. atristriga, and Bityla defiqurata 
were also taken, but nothing else of any importance. Several golden-ringed 
black hairy caterpillars were taken feeding on a wayside plant, E^echtites 
gJabrescens, These are considered to be a species of Metacrias, but so far 
have not been reared to maturity. The Styx Saddle contains about 30 acres 
of fine subalpine meadow land, and about New Year time should prove 
an excellent field for collectors. 

On my way back to Wellington I walked over Arthur’s Pass, in company 
with Dr. Cockayne, of Christchurch. The day was a fine one, but the only 
butterfly seen was one specimen of Vanessa qonerilla. After this, collecting 
was abandoned for the season, and I returned to Wellington on the 30th March. 


‘ Porina dinodrs. 
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Art. XIV.— New Species of Syrphidao. 

Hy David Millkr. 

\Iitad btfoK th< Olaqo histitiiU, Isl jYot'Pmbrt^ VJ10.\ 

Tins t’wo followinj* spccios form a portion of a sori(‘s oi ii.‘W Rpecios ttie 
romainder of whic'h will bv piibli'shed in the ikmi* future. 

Fam. SYKPHIDAE. 

Genus Ueloptiilus Mcigen (1822). 

Hutton, Trans. N.Z. Inst., vol. 33, p. 36. 

Spuotus. 

Legs black ; the liairs of irons tlivided from tho^e ot the \ ertex hy 

a hare tiMn^vcr^e hand .. .. .. .. .. JJ. put ehucn^tb. 

Legs ,>ellovv ; liair-> ot trons not diuded trom those of verte^c by 

a bare trans\erNe hand .. .. .. . H. caujilU, 

H. purehuensis sp. nov. 

Vertex lilack ; lions yellowisli-white, with dark hairs and a little dark 
tomentum; the liairs of frons divided from those of the vertex by a bare 
transverse band ; th<‘ hairs of frons curved forward, becoming shorter 
toward the frontal lunule, which is bare, dark blown, and shiny, while those 
of the vertex arc arranged with the longer posterior hairs anteriorly curved 
and the shorter anterior ones posteriorly directed ; the row of hairs posterior 
to the vertical triangle are yellow. Eyes bare, dich optic ; ocelli vermilion. 
Face light yellow, bare, projecting outwards and downwards, l)ut not so 
much in the latter direction as in the former ; the central ridge of the face 
is shiny and of a deeper yellow, which colour, extending for about three- 
quarters the distance from the epistonie to the base of the antenna, tapers 
suddenly to a point and disappears ; epistome bare, shiny, dark brown, 
almost black ; this colour extends to the margin of the eye ; genae or cheeks, 
same colour as the fac<", bear delicate yellow hairs : delicate yellow hairs 
beneath tin' lower margin of the eye (jowls), ])ecoraing very short on the 
occiput. Proboscis of moderate length, posteriorly directed, black, except 
at the tip, Avhere it is inclined to be reddish-brown. Antennae black ; 1st 
and 2nd joints bristly, tlic latfr^r joint hearing longer bristles on the an- 
terior margin ; 3rd joint ovoid, arista bare. 

Thorax : Doi'suiu witli 2 nn^diaii and 2 lateral broad dark-brown longi- 
tudinal stripes ; the intervening stripes are greyish-brown anteriorly, but 
from the transverse sutun^ to ihe scutellar suture these stripes merge into 
black ; the surface of the dorsum is covered with yellotv hairs of medium 
length. Scutellum shiny, bronzy, clothed with long similarly pigmented 
hairs. Pleurae greyish, hairy ■, meso- and anterior ptero-pleurae bearing 
long golden hairs ; halteres yellowish-brown. Wings tinged with brown, 
subcostal cell with brown spot about the junction of the auxiliary with the 
costa ; veins brown, lighter in colour toward the base. Yellow hairs 
covering the surface of the legs, which are shiny black, except for the 
anterior and middle knees and the proximal half of the tibiae, which are 
dark yellow, and for the proximal portion of the swollen posterior femora, 
which is dark bronzy ; posterior tibiae slightly curved ; close-set short hairs 
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on inner surface of tarsi : unoues yellow, except for the shiny black tips : 
pulvilli yellow. 

Abdomen shiny, covered on the dorsal surface with orange pile, and on 
the ventral surface with long yellow hairs : 1st segment — nc., the segment 
partially overlapped by the scutellum — bronzy ; 2nd segment bronzy- 
l)laek, except for 2 triangular orange spots, one on each side, the bases 
forming the lateral margins of the segment ; the apices of these spots do 
not meet at the centre, but are separated by the stalk of a black T-shaped 
median patch, the cross of which forms the anterior margin of this segment , 
3rd segment bronzy, except for a dome-shaped black spot having its base 
on the anterior margin and apex at the centre of the segment ; the 4th"' 
segment as the 3rd, but inclined to be of a darker colour. The posterior 
margin of each segment is coloured by a black transverse band, broader at 
the centre than at the lateral extremities. 

Length, 12 mm. ; of wing, 9 mm. 

Hah, — Captured above a stream, during very warm weather, near Pure- 
hurehu, January, 1909. Not common. 

H. cargilli sp. nov. 

Vertex and vertical triangle dark brown, the former covered with long 
black hairs ; frons tawny brown with yellow reflections, and bearing hairs 
similar to the vertex ; no dividing band between the hairs of vertex and 
frons ; the hairs covering these latter portions arranged as in preceding 
species ; frontal lunule bare, shiny brown ; a slight median longitudinal 
groove running from apex of ocellar triangle to frontal lunule, reappearing 
at the base of the antennae, where it is prolonged down the face to the 
epistome. Eyes bare, dichoptic ; ocelli vermilion. Face as in preceding ; 
genae yellow, with long yellow hairs; epistome bare, shiny, dark brown, 
with a little yellowish-white tomentum at the connection with the jowls, 
which are themselves yellowish-white, and clothed with long silvery hairs, 
becoming shorter on the occiput. Proboscis and antennae as in preceding, 
except that the arista of the latter is slightly margined at the base by 
reddish-brown. 

Thorax : Dorsum grey, covered Avith short dark hairs ; has 2 median 
and 2 lateral longitudinal broad dark-brown stripes ; the two former ar<' 
divided by a narrow grey stripe, which tapers giadually anteriorly and 
suddenly posteriorly so that these two stripes are miited at the scutellar 
suture ; the two latt<‘r stripes slightly converge anteriorly, but do nol 
reach the anterior margin of the thorax. On the dorsum, around the 
scutellar suture, is a patch of brownish-yellow reflections, which in certain 
lights connects the posterior extremities of the dorsal stripes. ^Scutellum 
orange, shiny, bearing long orange hairs. Pleurae yelloAAish-grey, with 
golden hairs surrounding the dorso-pleural suture. Halteres yellow, 
squamae translucent orange-fringed with long orange hairs. Wings clear, 
transparent ; base of costal cell tinged with brown, subcostal darker brown 
for about three-quarters of the length, where the pigment ends abruptly ; 
bases of the aui^ary 1st and 5th longitudinal veins shiny brown. Legs 
hairy, yellow, except the grey coxae, the trochanters, the proximal end of 
the femora, the first 4 tarsal joints, especially the posterior ones, and the 
posterior knees, which are black ; the 5th tarsal joint of each leg is inclined 
to yellow ; posterior femora swollen ; short weak black spines on the distal 
extremities of the tibiae, the slightly curs-'ed posterior ones being excepted; 
rows of short black bristles on the middle and posterior tarsi. 
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Abdomen covered hj golden pile, longer laterally ; 1st segment orange 
laterally, greyish centrally — beneath the sciitellum — ^with a black spot on 
each side of this grey portion ; 2nd segment orange except for a T-shaped 
black patch — placed as described in preceding species — and for a dark- 
orange band running along the posterior margin, and also for 2 spots of 
greyish relied ions, one on each side of the stem of T-shaped patch; 3rd 
segment much the same as proe<'ding, excepting darker and larger reflections 
on the orange, leaving only 2 bright -orange veins ; 4th segment dark orange, 
with a black central an1<n*ior patch and lateral greyisli spots of tomentum ; 
5th segment grey, the black having almost disappeared. 

Length, 13 mm. ; of wing, 10 mm. 

Hah , — Captured upon manulca-bush on Mount Cargill during very warm 
weather, February, 1909. Not uncommon. 


Art. XV , — New Species of Lepidoptera. 

By (L Howes, F.E.S. 

PART 1. 

\Read before the Olmjo InsiiUite, 2nd Avgubt, 1910,] 

Selidosema ochrea sp. iiov. 

Three males, 29 lines. Head o(‘hreous-grey. Thorax fuscous. Abdo- 
men ochreous, darker dorsally. Forowings : A small dark-fuscous mark 
from base below centre of wing ; an irregular light-ochreous patch from 
base to i ; an almost uniformly fuscous transverse band from I to |, bend- 
ing towards teimen between veins 5 and 3; then a transverse ochreous 
area, followed by a band of uniform fuscous from 2 to termcii. Cilia fuscous, 
a faint ochreous line at base. Uindwings : Brighter ochreous than fore- 
wings, with a few faint irregular marks, mostly near termen. Cilia greyish- 
ochre. 

The brightness of the ochreous markings easily distinguishes this from 
the allied Selidoscmae, Nearest melinaln, but is smaller and more distinctly 
marked. Two females taken at the same time may be of this species, but 
are so difierent in appearance tiiat I am waiting further captures before 
deciding. 

Taken at “treacle,” Woodhaugh Gardens, Dunedin; February and 
April 

Eucymatoge arenosus sp. iiov. 

Male and female, 26 lines. Head and thorax whitish-ochro, slightly 
touched with grey. Abdomen whitish-ochre with black bar interrupted in 
centre on apex of all segments. All wings whitish-ochreous, crossed by 
waved darker striae. A slight darker suffusion from apex towards centre 
of forewing. Glia greyish-white, with a darker-grey line at base, A series 
of minute black marks along veins and around termen. 
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All the spcciniens tlul I liavo examined show a buipiibing uniformity, 
and no difference ib noticeable between the male and ieinale in size and 
colour. Smaller and more compact than Ihjdyimnem f,ohata, it super- 
ftcially has a strong resemblance to T eniisia verriculata. 

Taken at Mr. O’Connor's residence, at Titahi Bay, Poiiru<i, Wellington, 
where it came in fair numbers to treacle,” light, and blossom ; November 
to March. 


PART II. 

[fi(ftd hefoie the OUtqo Institute, ht Kovemba, 1910,'\ 

Morrisonia praesignis hp. nov. 

One male specimen expanding 37 lilies, and one female 40 lines. Antennae 
filiform, reddish-brown. Palpi and legs reddish-brown. Tarsi with lighter 
bands at joints. Palpi pale reddish at tips, and rising from a i eddish tuit. 
Face at base of antennae green. Thorax reddish-brown. Patagiae green 
edged with reddish-biown. Thoiacic crests strong, green edged with browm. 
Abdomen ochreous red, darker towards extremity. Crests strong. Fore- 
wing rich red-brown, with well-defined green areas. A double subbasal line 
from costa to median fold. A greenish suffusion from base along close to 
costa as far as reniform. A well-defined light-green line at J from costa 
to dorsum, bending outwards at centre; a light-green lino at edging 
reniform, and bending outwards at centre ; the space between these two 
lines reddish-brown. A well-defined subterminal line edged on basal side 
with deep reddish-brown and on terminal with green. Indentations slight. 
A greenish suffusion from base to posterior angle. Veins faintly outlined 
with dark-brown and green dots. Eeniform dark below, white above. 
Glia long, dark reddish-brown. Hindwings reddish-brown, with narrow 
dark reddish-browm suffusion along termen. Glia lighter reddish-brown, 
with a darker line near base. 

Two specimens came to treacle ” at Orepuki, September and October, 
1910. Although close to 'plena, it is easily distinguishable. 

Morrisonia longstaffii sp. nov. 

Four specimens. Expanse, 28 to 30 lines. Antennae feiruginous-giey, 
filiform. Legs, palpi, head, and thorax grey irrorated with ferruginous. A 
dark mark across front of thoracic crest. Crests strong. Abdomen greyisli- 
ochreous, lighter in (*olour towards anal tuft, which is light ocliroous-grey. 
Forewings grey, markings ferruginous. Reniforai ajid orbicular grey ouV 
lined with ferruginous. Base of wing liglit grey, followed by a dark jagged 
transverse line. A double jagged transverse line at 4 across wing. A 
suffused patch around reniform, continuing as a well-3efiiied jagged hue 
with a faint line on each side to dorsum. A rather indistinct suffused 
line near termen. Glia gi’ey. Hindwings uniform dark-grey. Cilia silvery- 
grey with a dark-grey Ime at base. 

I took a single specimen in Dunedin on the 28th March, 1907, and a 
good series when collecting with Dr. Longstaff at Queenstown and Paradise, 
Lake Wakatipu district, in second week of March, 1910. 
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A.rti X\I —Notes nn the Laroa( of some New Zealand L(‘pidoplera. 

By K. M. SuNLEY. 

\R<ttd h(>fo>r Ihp Wdhngton PJnlosoplncaJ Rociefy, 6th July, 1910.] 

Melanchra rhodopleura Mom., Tiaiit.. NZ IiisL vol. 19 p. 19. 

Tell bpecimens of t’le verv pretty larva of tliih insect were taken at 
Makar a at the beginning of October. 1909. 

The length was then about J in. The colour was a very pretty pale 
orecn. A well-marked median dorsal stripe, white alternated with sidphur- 
vellow, the white portions being situated near the junctions of segments, 
and hemg tinged at the junctions with lilac. Faintly marked subdorsal 
htript , yellowish-green. Lateral stripe broad, well marked, made up of 
1- longitudinal lines of colour, the lowest one sulphur-yellow, followed by 
one of orange-yellow, then a broader one of white, then a very narrow 
(‘dging of black, on which are situated the spiracles, which are cream-colour 
(»daed with black. Each segment has a number of small black warts — 2 
on each side of the dorsal line, 1 between the subdorsal and lateral line 
imm<*diately above the spiracles, and a number on the ventral surface and 
prolegs. These warts, especially those on the dorsal surface, are edged 
with paler green than the body-colour, and are each furnished with a short 
brown bristle. On segment 2 the warts are bigger, and there are S between 
the dorsal and subdorsal line. After the last moult the green colour is 
much darker. The dorsal stripe is edged with black, especially on posterior 
end of each segment. The subdorsal lines are plainer and yellow in colour, 
upwardly edged with black, and the posterior half of each segment becomes 
spotted with black between the subdorsal and dorsal lines. The length 
when full grown is 1 J in. 

The food plant is Pmieleu laevK/ata, and the laiva feeds on the leaves, 
voung shoots, and flowers, disturbed it often rolls itself up and 

falL to the ground. 

The pupa is at first lijjht brown in colour, becoming darker as the insect 
develops. It is enclosed in a cocoon below the surface of the ground. The 
period of pupa ion is variable ; the perfect insects appeared from end of 
Doceralier to end of April, though the larvae were all full grown about the 
middle of November. The perfect insert is very sluggish in habit, and 
iliifc*, together with its very protective colouring, may account for the fact 
that it is so seldom <'aptured. 

Leucania epiastra Meyr. 

The eggs of tlus species were laid on the 14th November, 1908, by a 
female in captivity. They were firmly fastened close together on the side 
of the box in which she was kept. In shape they are spherical, flattened 
at the base, and rather coarsely ribbed, the ribs radiating from a dot at the 
top. The colour is at first uniform pale yellow, but after a few days the 
central dot becomes dark brown and a dark-brown circle appears round it. 

The ^arvae emerged on the 30th November. The length is about J in,, 
and the lar\"a is very active. It makes its first meal off its egg-shell. The 
i*olour is greenish-brown, becoming paler after a few days. On each seg- 
ment are a number of black dots, from which spring hairs. The larva has 

3 — Trans. 
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If) legs, but those on segnients T and 8 do not a<Knn lo be fullv developed at 
this stage. 

On the 2()tli December the larvae were about 'I in. in length, pale greenish- 
bro'svn in colour, with dark reddish-brown lateral line. At this wstage they 
unfortunately died. They were feeding verv sparingly on the leaves of 
what I thought at the time was toetoe, but which I afterwards found was 
pampas-grass. 

In May, 1910, I took a number of these larvae on the toctoe at Makara ; 
they were from 1 in. to in. in length. The larva feeds on the leaves bv 
night, retreating during the day to the crevices at the base of th(‘ leaves, 
where they are well protected from enemies. 

The full-grown larva is dull brownish-green in coloui‘, sometimes tinged 
with reddish-brown, especially on posterior segments. The dorsal and sub- 
dorsal lines are very narrow, but fairly well marked ; dull white in colour, 
faintly edged with red or reddish brown. The lateraniiie is somewhat 
indistinct, white in colour On it are situated the spiracles, which are dull 
cream-colour edged with black. The lateral line is often edged with small 
brown blotches situated above the spiracles, and on the anterior segments 
these blotches are sometimes joined to Jorm a broad, faintly marked upward 
edging to the lateral line. The integument, especially on the dorsal surface, 
has a number of fine white branching veins, and on each segment are u 
number of minute black dots from which spr.ng short brown bristles. Thi‘ 
prolegs are of the same colour as the body, edged with a large number of 
dark-brown hooks. The head is horny, amber in colom', mottled and netted 
with brown. The number of legs is 16. Length when full grown, II in. 

The larva now makes its way into the flower-stem preparatory to 
pupating. It enters the stem, and eats its way through the soft interior, 
forming a chamber 2 in. or 3 in. long between two joints. It now loses 
its green colour, and changes to a pale dull brownish-yellow, the dorsal 
surface often strongly tinged with pink. This pink tinge becomes very 
marked as the time of pupation approaches. The larva spends some weeks 
in the stem, and before changing to a pupa cuts a neat round hole through 
the stem, near the top of its chamber, leaving only a ver}- tliin film of the 
outermost layer intact. It then retires to the bottom of the chamber, and 
in a few days changes to a pupa, which rests on the old larval skin, head 
upwards. 

The pupa is very robust, and is at first liglit brown in colour, but soon 
becomes very dark brown and shiny. 

After about six weeks the imago emerges, and, brealdng its way through 
the thin film of leaf covering the exit from its chamber, crawls out and clings 
to the stem till its wings have expanded and hardened sufBciently for it to 
fly. The emergence usually takes place between 7 and 9 o'clock in the 
evening. 

The perfect insect is about from October to Januarj', It is very sluggish, 
and I have never seen one in a state of nature, though I have spent a good 
deal of time in a locality where the larva is fairly common. 

The larva of this insect is sometimes attacked by a dipterous parasite. 
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Akt. XVII. - Xot(' OH the Jhsp(o,sal (Vubtacoa hi/ Menm of 

Shipb, 

By (*i[VRLKs C'hiltox. M.A., M.B,, D.Si F.L.8.. Professor of Biolo^v. 
(^anterlnnv College, UniveiMiv of Neu Zealand. 

[Hrad hffoK thr Plitlohophicnl Institvtt of ( ttntfthvnf, fth Deinnhr, 1910,] 

It has several times been suggested that some oi the marine V}ustaceu inav 
be unconsciously dispersed by man, oAviim to their becoming attached oi 
temporarily adhering to the hulls of ships. So far ns I am aware, however, 
few definite facts of tliis means of dispersal have been recorded. 

Mr. Stebbing (1888. p. 1135), in recording a specimen of Podoaoub 
falcatus (Montagu) from Kerguelen Island, remaiked, “ There is the possi- 
bility, as I have elsewhere suggested, that tliese creatines mav have 
travelled out from our own waters alona willi the vessel to the southern 
latitude at which they weie captured." This species, however, which 
Stebbing gives in his “Das Tierreich Amphipoda” (1906, p. 654) under the 
name J asm pulchella Leach,” proves to he very widely distributed both 
in northern and in soutliern seas, and may have been dispersed, as T have 
pointed out (1909, p. 647), owing to its h.tbiT of «ittathina itself lempoianly 
to the carapace of Jasus edwmdsii and otiier large (^)tfstac('a : and, though 
it is possible it may also be distributed by attaching itself to ships in the 
same way, this explanation seems hardlv ueci^ssary for the particular case 
Mr. iStebbing was then considering. 

Ill his “History of Qrustacea ” Mi. stebbing gives a more certain 
example of this means oi dispoisal. H(‘ saAS (1893. p. 98). “ ^n the Avinter 
of 1873 an iron vessel entered the jiort oi Marseilles. It had come fi*om 
Pondicher}" by way of the Tape of Good Hope ha\iiu» had a long and stormy 
voyage in the most rigorous season of the ye<»r. To the iron plates of this 
ship had become attaclied a little forest iA algae and barnacles, and living 
among these wTre a numbei* of higlun ('rastacea of exotic origin. Two 
of the specimens wore found bv Professor C'atta to belong to a noAv siiecies, 
which in 1876 he named Puchipjmpsus adoma: one was a X antlhijm psus 
(or Planes) minutus, a species st*arcely evei found in the Mediterranean ; 
the remainder belong to two speeic^, winch M. C^atta speaks of as Phifusia 
squamosa and Plagusia tomcHtosaX Mr. 'Stebbing points out that the 
latter species should be called PlaqmUi ihabrus (Linn.), and the former 
Plagusia dcprvsso (Fabricius). The last-mentioned species was tlie most 
abundant, lieing present in liuudriHis. though, as Mr. Stebbing points oul. 
being an Atlantic* species it might not have had to come far. There seems 
no doubt that the species mentioned liad been brought from other places 
into the Mediterranean by their becoming attached to the hull of this ship. 
Dr. Alcock (1900, p. 437) has since pointed out that the Plagusiae resemble 
rnrwna in being able to make themselves at home on drift timber in the 
open sea, and that the wide mnge of some of the species can be thus 
accounted for. He states, however, that the two species found in the 
Mediterranean may very probably have been carried there by ships, and 
adds that on the “ Investigator ” PImpmat could always be seen adhering 
to the ship's sides near the water-line. 

We have another example of this method of di'spepsal in the case of the 
common European shore-crab Carnmts nmnas. Dr. Alcock says (1899. 
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p. 14) that thib crab ib found at various placob on the Atlantic coast of the 
northern United States and off the coast of Pcinambuco (Brazil) ; that in 
Europe it extendb in the Noith Sea almost up to Arctic limits, and is 
common in all parts of the Medilei rauean, bcina also found in the Blaeh 
Sea and the Bed Sea ; and that it is also an Indian spociob, thouj^h evidentb 
very rare. He adds that it “ has been leported from the Hawaiian Islands 
from the Bay of Panama, and — though there is doubt about this locality— 
from Australia/’ He proceeds to point out that the distribution is nol 
altogether without parallel among otlior marine forms, and is therefore no"* 
so singular as has been supposed. In 1901 Messrs. Fulton and Grant (1901 
p. 56) pointed out that this crab does undoubtediv occur in Australia in the 
waters of Port Phillip, where it is noiv exceedingly abundant, and the} 
state that there seems httle doubt that it has been introduced there by the 
shipping. In their paper they quote Consul (TUimerson as suggesting that it 
may have found its way from Eui-ope to Australia through the medium oi 
the old lumber-ships attracted thither in the early fifties ” on the discover}' 
of the goldfields, many of these vessels having been far fi’om seaworthy 
and been patched up with false bottoms w'hich had become riddled with 
Teredo navalis and fouled with marine growths, a-ffording ample sheltei 
for the fry and young crabs on their long voyage. Messrs. Fulton and 
Grant suggest that this explanation may also account for the scattered 
distribution of the species as indicated by Dr. Alcock. 

I am now able to add another example of the same method of dispersal. 
When the British Antarctic ship “ Terra Nova ” arrived in L}"ttelton in 
October, 1910, it was stated in the new'spapeis that the sides of her hull 
were covered with a plentiful growi:h of seaw'eed, barnacles, &c., and that 
after she was tied up to the wharf numerous fish were seen feeding on these. 
As soon as possible after she had been taken into dock I visited the vessel, 
but, unfortunately, before I could get downi the water had been pumped 
out of dock, and hex sides had been already scraped. From the floor of th(‘ 
dock, however, I secured the following cinipedes : Lepas hilli Leach, JU^pOns 
aitstralis Darwin, Conchoderma mirtta Linn., Comchoderma vnqata Spenglei, 
and Balamis tintinnabxilum Linn. These are all species w^hich are known 
to attach themselves to floating logs, and they are also commonly found on 
ships, and they therefore present nothing new of interest. How'ever, in 
one of the planks which had been paitially split, and therefore remo\ed 
by the workmen, there were found four specimens of a largo sphaeromid 
Oymodooe tubercuJaia Haswell,*^ both male and female specimens, two of 
these being still alive w'hen I secured them. 

This species is quite unlaiown in New' Zealand waters, but is an Aus- 
tralian one, and there seems little doubt that it had attached itself to th(‘ 
ship while she was stating in Port Phillip, and had travelled with th< 
ship all the way to New' Zealand — e.e., about twelve hundred miles. Th<* 
hull of the ship is not covered over with copper, but is all wood. The 

* My specimoiifc. do not quite agree with HabW't*U\s descnjition and ligun ^ in th( 
amount of tuberoulation of the bod^ and in the dfdails of the processes on tht pit on, 
and they may prove to lie a cliatinct Imt allied -^pccies. The two specimens which I 
consider to be the femalos of the species differ gi eatly in general appearance from the 
males, as is generally the case in this genus, and 1 ha\e not yet bten able to ldentH^ 
them with any form already described. These questions must be discuase<l elsewhere, 
and they do not affect the present argument, which dei^eiids on the fact that the species 
in question is certainly not knowm from New Zealand, and is either identical with an 
Australian species already dcscTib< d or verj* closely allied thereto. 
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Terra Nova ” had sailed Irom England down the Atlantic, calling at 
South Trinidad, ()^i the coast of South America ; then at Cape Colony, wher<‘ 
she stayed some short time ; and then to Hobart and on to Melbourne. 
From Melbourne she came direct to New Zealand, coining round the south 
thi‘ough Fovcaux Strait. It is worth while drawing attention to the fact 
that in this ease both male and i cm ale specimens were canied together, 
so that the establishment of the species in any favourable locality to which 
they might be taken would be quite possible. 

Natiu'ally the Crustacea that are suitable for dispersal by moans of ships 
can also be dispersed by floating logs ; in that case, however, they would 
follow the tracks of the prevailing currents, while the dispersal caused by 
ships would be erratic, and could not be understood without some knowledge 
of the prevailing routes taken by the ships. 

21 \\ Addendum. 

Since this paper was read before the Philosophical Institute of Canter- 
bury Mr. T. F. Cheeseman, of the Auckland Musemn, has kindly communi- 
eat^ to me the following occurrence, which appears to be an example of a 
somewhat similar nature. 

About two years ago, happening to hear of a cuiious crustacean in a 
fishmonger’s shop in Auckland, he went to see it, and was surprised to find 
a freshly caught specimen of Limulm. Ho was able to secure the specimen 
for the Museum, and, as the result ot inquiries, found that two fishermen 
had observed the Limulus adhering to the stone facing of the Calliope Dock 
and had pulled it up with a boat-hook. No vessel had been in the dock 
however, for some considerable time. 

It is uncertain, therefore, whether this specimen found its way to Auck- 
land by adhering to the hull of a vessel or in some other way ; but the 
occurrence of a live Limulus in New Zealand is certainly noteworthy. Mr. 
Cheeseman has kindly compared his specimen with the characters given by 
Pocock in his recent revision of the group, and identified it as Oaroino- 
scorpius Totundicauda (Latr,), a species known from the Gulf of Siam, t}i<‘ 
Moluccas, and the Philippines. 
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Art. XVIII. — Re}>ision of the New Zealand Stoniatopoda. 

By Charles Chilton, M.A., M.B., D.Sc., F.L.S., Professor of Biology. 

Canterbury College, University of New Zealand. 

lejore the Philosophical Instituie of Canterbury, 7th December, 1910.] 

In the year 1891 I published a paper on the New Zealand SquilUdae, stating 
what was known of the group at that time. Only two species were then 
known with certainty to occur in New Zealand — viz., Squilla armata Miliie- 
Edwards and Lysiosquilla spinosa (Wood-Mason) : but two other species — 
Squilla nepa LatreiUe and Pfotosquilla trispinosa (White) — ^had been re- 
corded from New Zealand, though they were not represented in any of the 
local collections. 

A few years later an important paper was published by R. P. Bigelow 
on the Stomaiopoda collected by the “ Albatross ** between 1885 and 1891.. 
and this paper incidentally contains a considerable amount of additional 
information on the New Zealand forms. Further references to some of 
them have also been made by A. Mihie-Edwards in the "" Mission du Cap 
Horn ” and by Stebbing in his report on the South African Crustacea. 
Owing to the habits of these Crustacea they are not very frequently met with, 
but during the years since the publication of my paper some additional 
specimens have been collected, and in working out some from the Nora 
Niven ” collection I have been led to re%dse the few species that are known 
to occur in New Zealand and to present the results in this paper. In it I 
record one species, Lysiosquilla hrazieri, which had not been previously 
known from New Zealand seas. I have also a specimen which is un- 
doubtedly the same as those referred to SquiUa nepa by Heller, but now 
known under the name of SquiUa affinis Berthold, so that this species, 
which was previously considered doubtful, does occur in New Zealand : 
further, I am able to give some additional information on Squilhi wrmaia. 

As regards their distribution, it may be noted that the four species that 
are certainly known to occur in New Zealand are all widely distributed, 
none of them being confined to the New Zealand region. Squilla armata 
extends around the globe in southern seas, S. affinis reaches to Hong 
Kong and Japan, Lysiosquilla spinosa is found in the Indian Ocean, and 
L. brazieri occurs in Australia, and is probably identical with L, latifronS' 
from Japan. 

For their kindness in supplying me with specimens I have to thank 
Mr. A. Hamilton, of the Dominion Museum ; Mr. F. W. Hesse, of the 
Wanganui, Public Museum; Mr. Edgar R. Waite, of the Canterbury 
Museum ; and Professor W. B. Benham, of the Otago Museum. 

I have given only those references which appeared necessary for New 
Zealand students, and I have added brief diagnoses of the genera and species 
where this seemed desirable. 

Pfotosquilla trispinosa (White). 

Gandactylus trispinoms White, List Crust. Brit. Mus., p. 87, 1847 Miers, 
CJat. N,Z. Crust., p. 90, 1876, PrqtosquiUa trispinosa Chilton, Trans. 
N.Z. Inst., vol. 23, p. 61. 

■ Wm. h^ been recorded by Heller from Auckland. It is widely 

disfetibuted- in Australian and Indo-Paoific se«^, but, so far as I am aware^ 
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is not yet represented in any local collection. It is quite possible that it 
may occur in the northern part of New Zealand, and the recent rediscovery 
of some of the species assigned to New Zealand by Heller which were 
thought at one time to be errors makes it desirable to keep this species 
still on the list as a possible occasional visitant to New Zealand seas. 

Genus Squilla Fabricius. 

Diagnosis . — “ Stomato'poda having the telson attached to the 6th ab- 
dominal segment by a movable joint ; the hind-body depressed and wide : 
the dactylus of the raptorial claw with usually not more than 6 teeth : 
as a rule, more than 4 intermediate denticles on the telson, which is 
usually longer than wide ; and the inner basal spine of the uropod the longer 
*nf the two.” (Bigelow.) 

Squilla armata Milne-Ed wards. 

Squilla armata Milne-Edwards, Hist. Nat. Crust., vol. li, p. 521, 1837 ; 
Gay, Hist, de Chile, Zool., vol. 3, Crust., p. 223, 1849 ; Miers, Ann. 
Mag. Nat. Hist., ser. 5, vol. 5, p. 25, 1880 ; A. Milne-Edwards, 
Mission du Cap Horn, p. F53, 1891; Chilton, Trans. N.Z. Inst., 
vol. 23, p. 60, 1891 ; Whitelegge, Memoir Aust. Mus., vol. 4, pt. 2, 
p. 199, 1900 ; Stebbing, South African Crustacea, pt. 2, p. 45, 1902 ; 
Bigelow, Proc. U.S. Nat. Mus., vol. 17, p. 516, figs. 9 and 10, 1895, 
Chloridella armata, M. J. Rathbun, Proc. U.S. Nat. Mus., vol. 38, 
p. 609, 1910. 

Specific Diagnosis. — '' Eyes large, triangular, dactylus of the raptorial 
limb with 7 to 9 teeth ; rostrum narrowed in front with a shght median 

elevation f carapace with 
median caxina obsolete or 
entirely absent, intermedi- 
ate and lateral carinae 
present only on the pos- 
terior lateral lobes, anterior 
lateral angles produced 
into acute spines ; lateral 
spines of the 6th thoracic 
segment narrow, straight, 
and acute, the lateral pro- 
cesses of the next tw’o 
segments broadly rounded 
and produced into spines 
that point backward; 8 
carinae on the abdominal 
segments ; telson with a 
crest and a keel and a 
series of curved lines of 
pits on each side, 6 marginal spines, the submedian pair with movable tips, 
no submedian denticles, 10 to 11 small intermediate ones, and 1 lateral 
•one.” (Bigelow.) 

Len^h of largest specimen examined, 136 mna. ; usual length, 60-80 mm. 

Tto species is probably common in New Zealand seas, though it is only 
occasionally met with, mp^ of the specimens in local museums having 
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been obtained Irom the stomachs of fish. 1 have seen specimens that were 
dredged in 'Wellington Harbour (T. W. Kirk); two fine specimens from 
Petone Beach, now in the collection of the Dominion Museum ; others ob- 
tained during the “ Kora Niven ''' expedition, in the stomach of a Dasybatus 
(Waite); two specimens from Kaikoura, in the sioniach ol an Alepisaurus 
Iprox (A. D. Qoodall). It lias aho been recorded fioni the Auckland Islands 
1)V Miers. 


Distribution, — Widely distributed in southern s<'as, having been recorded 
from Soutli America, South Africa, and Australia. 

Remarlcs. — The specimens examined agree closely with the brief diagnosis 
given by Bigelow as quoted above. The median elevation on the rostrum is 
hardly appreciable, and the carinae on the carapace are only very slightly 
marked, especially in the smaller specimens. The submedian spines on the 
telson have movable tips, as described by Bigelow, in the smaller specimens, 
hut in larger specimens the tips have become obsolete or been worn ofi. 
The curved lines on the sides of the median carina of the telson are fairly 
distinguishable, though the surface itself is quite smooth. 

My specimens agree also wdth the more detailed description given by 
Bigelow, except that in smaller specimens the intermediate and lateral 


tarinae do not end in spines in the 
^■our or five anterior abdominal seg- 
ments ; “ the 1 to 4 small spines half- 
way between the median and intcr- 
/neJ^ate carinae on the posterioi 
margin of the 5th segment of the ab- 
domen appear to be constantly present. 

In the characters of the telson and 
m some other points this species ap- 
pears to approach pretty closely to 
SquiUa hia Brooks from the Arafura 
(see fig. 1). 

Milne-Edwards, in the “ Mission du 
Cap Horn,"* considers S, gracillpes as 
probably a variety of S, armnta, and 
certainly, as he points out, the num- 
ber of spines on the dactyls of the 
raptorial limbs is subject to variation, 
so that the possession of 10 in grn^ 
dlipes is not sufficient in itself to dis- 



JPk.. 2 . — Squilh (mnata . Euclopodof fiibi 
pleopod ot male. 


tinguish it from S, armata ; but Miers describes S, gracilipes as having 
26 denticles (Le,. 13 on each side) between the submedian marginal spines, 
and about 18 on each side between the submedian and the first lateral 


spines. In none of the adult specimens of S, armata that I have been able 
to examine are there any denticles between the median fissure and the 
submedian spine except in one instance where there are one or two small 
traces of a denticle, and Bigelow- has drawn attention to the same fact, 
so that in this point there is a pretty considerable difierence between 

gracilipes and S. armata; and there are other points drawn attention 
1o by Miers whicli make it difficult to consider these two forms as specific- 
ally identical. 

I have one small specimen, collected at Sumner, that is only 20 mm. in 
length ; but since it has the submediau and lateral carinae faintly marked 
on the posterior abdominal segments, and ending in spines on the 6th 
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segment, it must, I think, belong to /S. armada. In it the terminal segment 
shows little or no median fissure, and there are 12 small sharp teeth on 
each side between the median line and the submedian spine, and 16 between 
the submedian and lateral teeth, all these teeth being sharply pointed and 
occasionally irregular, with a small one in between two of the ordinary 
size. The raptorial limbs on each side bear 7 teeth on the dactyl. 

In the character of the terminal segment and also of the uropods this 
small specimen appears to agree closely with Miers’s description and figure 
of jS. gracilipes ; that species, however, is much larger — ^viz., 85 mm. long 
in.”) — and presumably adult, and the dactyls of the raptorial limbs 
bear 10 teeth. 

As Bigelow has pointed out, there are no secondary sexual difierences 
in jS. armata. The endopodite in the first abdominal appendage in the male 
is specially modified in the usual manner, and, as this appendage has not 
been described in this species, I represent it in fig. 2. It will be seen that 
it conforms closely to the t 3 rpe found in other species of Sqmlla, and u 
detailed description of it appears to be unnecessary. 

Squilla affinis Berthold. 

Squilla a/finis Berthold, Abhandl. k. Gcbellsc*li. Wiss. (lottingeu, vul. 3 
p. 2G, 1815 ; Bigelow, Proc. U.8. Nat. Miis., vol. 17, p. 538, fig. 22, 
1895 (with synonymy). S, oraloria Do Haan, Siebold’s Fauna Ja])on 
Crust., p. 223, 1830 ; Stebbing, South African Crustacea, pr. 1 
p. 41, 1908. 6'. nepa Miers, Cat. N.Z. Crust., p. 89, 1876, and Ann 

Mag. Nat. Hist. (5), vol. 5, p. 25, 1880 (in part) ; Chilton, Trans. N.Z 
Inst., vol. 23, p. 60, 1891. 

Bigelow has pointed out that mider the uaine Squilla nrpa two species 
have been confused. Th(‘se species differ mainly in Ihc eyes, one form 
having them small and with the corneal axis 
about three-fourths the length of the per- 
pendicular one and at right angles to it, 
while in the other the eyes are largo, tri- 
angular, with the corneal axis oblique and 
as long as or longer than the perpendicular 
one. The form with the smaller eyes he 
considers to be the true S, nepa Latreillc, 
while the other form he assigns to S. affinis 
Berthold. Mr. Stebbing upholds S, oratoria 
De Haan as prior to S, afpnis Berthold, 
and therefore the correct name for tlie 
species. 

Squilla nepa was recorded froi^i Auckland 
by Heller, but there has been nothing to 
indicate which of these two species was 
intended, and up till the present time no 
further specimen has been obtained by 
local collectors, and consequently the oc- 
currence of this species in New Zealand has been considered doubtful. 

Among the SqtalUdae in the Dominion Museum kindly placed at my 
disposal by Mi\ Hamilton there is a single dried specimen which, though 
imperfect, evidently belongs to S, affinis Berthold as described by Bigelow. 
The eyes are imperfect, but there is-sufficient of them left to show that they 



Fit^. 3 . — lniquiUa afpni^ 



138 


TtansactioNs. 


weie large, triangular, and with the corneal axis oblique, while the larinai 
on the c*a 3 ‘apace agree precisely with the description and figui*e given b\ 
Bigelow, and in themselves are sufficient to show that the specimen belong.'' 
to S. affims and not to S. tiepa. The specimen also agrees with his descrip- 
tion in all the othei characters that can be still seen. Unfortunately, tin 
exact locality of this specimen is not known. 

The species is known from various localities in Japan and ahn 

irom Hong Kong, and its occurrence in New Zealand indi(*ate.s <\ distribu- 
tion similar to that of mmierous other marine Ctudacea. 

The species is described by Bigelow as follows : “ A Squilla with largt 
triangular eyes, the comeal axis being oblique and as long as or usualh 
longer than the peduncular one and 0*05 times the length of the body : 
the outer margin of the daotylus of the raptorial claw not sinuate or onh 
slightly so : b teeth on the dactylus ; the rostrum slightly truncated, and 
supplied with marginal carinae and a median tubercle ; 5 cannae on the 
carapace, the median one not bifurcated for more than one-fourth its length 
and the lateral ones continued into the anterior lateral spines, which do 
not reach as far forward as the suture between the rostrum and carapace, 
the posterior lateral angles evenly rounded ; no ventral spine on the first 
exposed thoracic segment, its lateral processes and those of the next two 
segments bilobed as in 8, nepa ; submedian carinae present on all except 
the first segments of the hind-body ; crest, keel, and symmetiical lines 
of pits on the telson and 6 marginal spines, 8 basal carinae, and l>etween 
the former -f- to 5 submedian, 7 to 9 intermediate, and 1 lateral denticle/' 

I give a figure representing the telson. (8ec fig. 3.) 

(^enus Lysiosquilla Dana. 

“ 8tomatopoda having the 6th abdominal segment separated from the 
telson by a movable joint ; the hind-body depressed, loosely articulated. 
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and wide ; the dactylus of the raptorial claw without a basal enlargement, 
but with not less than 5 marginal teeth*; no more than 4: denticles, and often 
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nily I, between tlio intermediate and submedian marj^iiial spiiiea of tlie 
tclsoiu which is usually wider than long : and the outer spines o1 the basal 
prolongation of the ui’opod usuallv longer than the inner one/’ (Bigelow.) 


Lysiosquilla spinosa (Wood -Mason). 

iU)n)Hiis spinosa Wood-Mason, Proc. Asiatic ^oc. Bengal, 1875, p. 232. 
Lysiosquilla spinosa Chilton, Trans. N.Z. Inst., vol. 23, p. 61, 1891 
(witli synonymy). 

'fhis species is fully described in my previous paper quoted above. Since 
then I have seen specimens in the Otago Museum from Eosolution Island, 
'dug in the sand” (E. Henry, 1900), and Stewart Island (T. J. Parker) ; 
one imperfect specimen was obtained during the cruise of the trawler “ Nora 
Niven'” (Waite), and quite recently Miss R. D. Shand has sent me a speci- 
men from the Chatham Islands. 

I give a figure of the telson and uropod for comparison with those of tiie 
other species. 


Lysiosquilla brazieri Miers. 

Lqsiosquilla bmzieri Miers, Ann. Mag. Nat. Hist. (5), vol. 5, p. 11, pi. ], 
figs 3-6, 1880 ; Haswell, Cal. Anst. Crust., p. 206, 1882. 

Two dried speenmens in the Wanganui Public Museum, which luive 
kindly been placed at my disposal by the Curator, Mr. H, W. Hesse, seem 
certainly to belong to this species, agreeing well with the figures and de- 
scription given b}" Miers. except that there are only 10 spinules on each side 
on the posterior margin of the terminal segment instead of 14 ; there is also 
a slight median sinus. 

As Miers pointed out, this species is evidently closely allied to L, lati- 
irom T)e Haan, and the two specimens that I have been able to examine 
seem to connect these two species still more, for they boar only 10 minute 
spinules, as in L. laiifrons, and there is a slight indication of a sinus on 
the posterior margin of the terminal segment ; they agree, however, with 
L. brazieri in having the appendages of the last pair of thoracic limbs almost 
linear, while these are described as being ovate in L. lati/rom. 

I think there is probably little doubt that tliesc two si)ocics should he 
combined, but as I have only two imperfect dried specimens, and am unuhie 
to consult any des<*ription ol A. Intijrons beyond that giv<Mi by Micm, 1 
leave the decision of this tiuestion open for the preseul. 

A specimen of this species was sent to me in 1891 by the late Mr. R. H. 
Drew, then Curator of the Wanganui Public Museum, who informed mt‘ 
that in 1885 thousands were washed ashore at Otaki, the beach being strewn 
for miles after a heavy south-west gale, tlit» animal never having been seen 
before or since. The specimen I then examined was a very imperfect one, 
and I was unable to identify it and merely recorded in my note-book 
that it differed considerably from L, spimsa in the arrangement of the 
spines on the terminal segments. The two specimens now examined ar<^ 
evidently from the same lot, having been obtained at Otaki in 1885 by 
Mr. Lee, and they have enabled me to identify the specie's as above. I 
liave seen no other specimens. 

L. brazieri is recorded from Port Jackson, New' Roiith Wales ; L. laUfrom 
from Japan. 
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Art. XIX . — StelJericU and Bchinids jrom the Kermadcc Ulavds, 

By W. B. Bknetam, D.8c., F.R.^i. 

\ft(ad hdorfi thr Otnqo 7sf Xorrmha, 79/(9J 

Me. Oliver was good enough to place his colleoiiou of echinodonus lu 
my hands for identification. In this communication I deal only wiih tho 
Asterids, Ophiurids, and Echinids, and must leave the Ilolothurians for a 
later article. He also sent me useful notes on the <*olour and halulats of 
most of those collected. 

A good number of species have already been recorded from these islands 
— some littoral forms by Farquhar (1898 and 1900^ and others from the 
deep sea between the islands in the Challenger ” Reports. 

The present collection contains twenty-one species*, and includes all 
those recorded by Farquhar except Pcctmyra (O'pMo'peza) daiibyi, together 
with several species not hitherto met with at the islands. 

List of Littorai Eohinopermr. (The new records an* j)rocederl l)v the 

sign X.) 

Asteroidea, 

X Astrofecten folyacanthus M. & T. OjMdiaster (^) kermadecensis&Y>.my. 

Aster opsis imperialis Farq. Asierias rodolphi Pen. 

X Oymnasteria lissotergnm sp. nov. x Asterias edmondi sp. nov. 

Asterina rliveri sp. nov. 

Ophiufoidea, 

Ophionereis sekayeri M. & T. lx Ophiotkrix oliveri sp. nov. 

X AmpMura squamata D. Ch. lx Ophivra kermadec&nsis sp. nov. 

X Ophiocoma '^evipes Pet, Pedhmra {Opkiopeza) danhji Farq. 

EcMnoidea, 

X Oentrostephanus rodgersii Ag. x Plesianthus teslndinarius Gray. 

Toxocidaris tvherculatus Lam. * x Echinoneus cyolostomus Leske. 

Tripneustes gratilla Ag. i x Fihularia australis Desmlns. 

Phyllacanthu'> dubia Bmdt. i x Brissus carinatns Lam. 

Echinmnetra mathaei Blnvl. 

Of the Asterids, only Asiropecten poly acanthus has been recorded from 
New Zealand waters, and there is some doubt as to this identification. 
All the six genera are widely distributed, and the species are closely related 
to Pacific and Austrahan forms, Asteropsis contains but two species — this 
one from tho Kermadecs, and the other (A, vernlcina) from Australia. 

Of the six species and genera of Ophiurids, only two have been found 
on our shores — Amphiura squamata and OpMothereis schayeri — both of 
w'hich are very widely distributed in the Pacific. The other genera are 
also common in this ocean. 

Of the ten species of Bchinids, belonging to as many genera, only two 
have been found on our shores, and this but rarely — ^viz., Centrost€phan>us 
rodgersii and Toxocidaris tuberculaius. The whole series is Indo-Pacific, 
and for the most part is common on the east coast of Australia. 

In order to make this list as complete as possible, I here add those 
obtained by the '' Challenger ” at Stations 170 and 170a, at a depth of 
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520 fathoms, between Macauley Island and Sunday (Raoul) Island ; and at 
Station 171, from a depth of 600 fathoms, north of the latter island. The 
species pocaliar lo those stations are marked with the sign x. 

Asteioidea, 

X Solaster torylatus Sladen. 1 x Grihella sajflata Sladen. 

Ophiuroidea. 

X Ophweentmia (i) clama Ljmi. x A,stroschpnfa horrida Lym. 

„ nbsiricta Lym. x salix Lym. 

X Ophiactib cuspidata Lvm. x Ophwmusium scalare Lym. 

flcxuo&a. Ophiophyllum petilum Lym. 

,, mma Lym. x Amphiura argentea Lym. 

X Ophiacatdha cornufa Lym. I x ,, canescem Lym. 

X ., vepraHca Lym. x Ophiochiton lentvs Lym. 

Ophiomdra pUcaia Lym. 

Echinoidea, 

SaUma hasiigern Ag. x Tngonocidaris monolini Ag. 

Aspidodiadema tonsum Ag. Echinm acutus Lam. 

It will be seen that a very considerable proportion of these deep-water 
species are endemic ; the others are Indo-Pa(‘ific. As Mr. Farquhar has 
already pointed out, the littoral fauna is not at all related to that of Ne\\ 
Zealand, but is distinctly Tndo-Pacific, with much affinity to the east Aus- 
tralian coastal fauna. 

I have not thought it necessary lo repeat the synonymy or the references 
to the earlier literatu e : both of these matters may be found treated at 
length in Farquhar’s paper (1898). 

Asteroids A, 

Astropecten polyacanthus Muller and Troschel. 

One specimen dredged in 12 fathoms, on gravel bottom, Avi‘st of Meyer 
Island (20/4./1008), and second smaller one dredged in 20 fathoms in 
Denham Bay, Sunday Island (4/4/08). 

The larger individual lias the following dimensions : R 87 nim., r 16 mm. : 
so that R : r - 5-*,. One ray is cjuile short and stumpy, being in the course 
of regeneration ; of the original arm only 23 mm. nmniins, while the new 
tip is 12 mm. in length. 

A small specimen, in which R 10, r 1, appears to be the young of this. 
It is, however, almost too small to be worth describing in detail. There is 
a single spine on each of the supra-marginals, but the infra -marginals carry 
only 2 spines in place of the 4 or 5 of the adult. 

This is a widely distributed species, not hitherto recorded from the 
Kermadecs. It is said by Hutton (1872, p. 6) to occur on the New 
Zealand coast, but I have not seen a specimen. 

Distribution. — Red Sea, Indian Ocean (Mauritius, Ceylon, India, 
Andamans), Pacific (Australia, China, Japan, Fiji, &c.). 

Asteropsis imperialis Farquhar. Figs. 1-3. 

Farquhar, Linn. Soc. Journ. ZooL, vol. 26, p. 193, pi. 13, 

I have before me, including the type, three stages in the growth of this 
species, which in some respects sec ms partly to bridge over the gap between 



2 i 


I4'2 


Asteropsis of Muller and Tru*rliol and Denmsterias of Perrier (1875). 
UnfoTtunately, I lla^'e not accoac to Perrier’s original paper, but I rely on 
Sladen’s diagnosis of the two genera {“ Challenger ” Report, p. 355). Oik‘ 
difEerenee (I gather both from Sladen and from Jlronn’s Thiorreichs *') 
lies in the presence of a distinct '* (*omposit(' reticulated mesh work” formed 
by the a])actmal plates in Dernimterias, while the skeleton of Asteropsia 
consists of ‘‘ irregular substollat<‘ plates not forming such a network.” From 
the accoiuit of the largest specimens given below il will be seen that in the 
adult of this species such a composite reticulated mcshwork ” does exist, 
l)ut in other features the genera are quite distinct. 

The material at my disposal consists of — (o) Larg(‘ specimens, l)otli 
dried and in alcohol ; (h) Farquhar’s type. whi(di is of intermediate size : 
{c) small ones, dried. 

(a.) The ^ied specimens arc somewhat compressed and distorted, but 
the plates are pretty distinctly seen, while in those preserved in alcohol the 

skeleton is entirely con- 
cealed l)vthe tough sldn. 

hicli is wrinkled on th(* 
a b a c t i n a 1 surlace, and 
especially near the tips 
of the rays, but is smooth 
on th(‘ actiruil surface. 
This skin eiudoses and 
connects the adambii- 
lacral spines so as to 
torm 2 thick membranes 
on each side of the 
groove, one lying in the 
furrow, the other along 
its margin. 

Dimensions. — The 
dried specimens measure 
R 75. r 34 ; R 70, r 31. 
The alcoholic specimen 
gives R 56. r 24. Tims 
r : R = 1 : 2*20 to 2-33. 



Kkj. \.~A6tcrop^i^ impf^rialU. The form is stellate. 

Tile central portion ot the disc (x 2). cr., central ; c.i .. with r o iliided into r- 
eiMitro-radial ; /.r., interrad ial ;>/, primary radial. brachial angles. The 

rays arc broad at the 

bast* (3 mm.), tapering gradually to a rounded apex. At about midway 
along the ray is 15 mm. across. The ligui*e given by Farquhar represents 
well the general appearance of a preseived specimen. 

The madreporite is prominent and round, situated mther nearer to 
centre than to the margin (as 12 is to 20). The anus is surrounded by a 
circle of short cylindrical spines, about 10 in number, which close over it. 

The abactinal skeleton forms an open meshwork, with large papular 
areas, separated by short rows of narrow flattened ossicles about half as 
wide as they are long, which radiate from a series of 5- or 6-lobed plates 
at the nodes of the network. There is a 5-lobed central plate with the 
anus close to one side ; from it radiate outwards short rods, forming a 
series of wide meshes around it. At the interradial margin of this circle 
are 5 irregularlj' stellate plates, one of which boars the madreporite. 
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T1ics 4^ arc the priniaiy iulciradials. Each presenta 5 lobes proximally 
and a large single or feebly notched lobe clistally. From the latter a series 
of paired plates lying side by side pass out^Nards to the interbrachial margin. 
At intervals along this donhlo row there arc s<‘ mi-stellate plates with radiat- 
ing rods on (*ithei* side (fig. 2). 

Outside the interradials is a scries of ") ])riniarv radials at the base 
of the rays. Each is n more or loss rosette-shaped plate with 5 to 7 lobes. 
Along the middle of the ray is a series of similar plates connected together 
by short rods, which in the distal region of the arm become shorter and 
shorter, so that the median rosettes come to lie closer together (fig. 2). 

Along cacli side of the radials or median row is a lateral series of similar 
rosette plates, but of less size ; these, however, cease about half-way 
along the arm. They aj‘e (connected to th(‘ median rosettes l)y short 
narrow rods, and when the intermediates cease the rods become broader 
and shorten*, and connect the medians witii the supra-inarginals. Still 
further out the radials themselves touch the marginals. 

Tli(‘ supra -marginals arc large*, irre'guhnlv oval or pyriform, oj* even 
subtriangular. with rounded angles ; they are very convex outwards, and 
are obliquely placed and loosely artieulateel. 1 find 11 or 12 along each 
side. 

The infra -marginals have the same general form, but are ratlu*!* smaller, 
with the longer axis longitudinal ; and, though usually immediately helow 
the supra-marginals, the number is rather greater — 12 or 13 (fig. 3). 

On th(‘ upper surface then* are the characteristic “ valvate pedicel- 
lariao at the base of each arm ; they are of large size, measuring 4*5 mm. 
in length. As Farquhar has noted, these are not quite regularly arranged 
— not always paired — as vill be seen from the following table (A and B 
are large, C and D are young forms) : — 


fSpecinicn. , Uay. 

I 


A 


B 


C 


D 


1 

2 

3 

4 

5 
1 
2 

3 

4 
3 
I 


3 

4 

5 
1 
2 

3 

4 

5 


l\*<Uc(‘llariae. 


Paired. 

Paired, though unsymmctrit*al. 

Two on one side, none on the other. 

Paired, 

One on one side, none on the other. 

One only. 

None. 

Paired. 

None. 

One small one, on one side only. 

Paired, with a 3rd smaller on the disc, neai* median 
plates. 

Paired. 

One. 


, Paired. 

One. 
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4. tetoi6ii> mptnali 

liaj 2 \bwtmai buitace o± hall a ia% (x2) deniirttd ot its skm showuit, tlw. 

arrangemont of the skeleton The dotted uta aie dia^ammatic onl\, 
for the purpobe ot bho^vuio up the plates moie distmctlj c , connective 
e, cential ?, centio ladial , doisoUteral ir mtenadnl rJ 
piimaiy ^adial 6 m bU]ira maiginal 

Jbi^ ^ 4ctmal surface of half a (x 2) In the pioximal legion the paired 
actiual ambulacral spines aie inserted, m the middle, both the iurrov 
bpmes and the single actmals which are present heie toward the distal 
extremity the actmal spmes aac removed and onlj the turrow spines arc 
shown ad adambulacial ts actmal ambulacial spine /e, furroi^ 
spine « m infra mai^nal s m supra marginal , t? 7 , \entio Uteial 
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The papular aieas iie occupied by numeious papulae 
The actmal skeleton m the mteibrachial aiea consists ol moie oi less 
)val imbricating plates, with the longer axis ladially directed There ai< 
no pedicellaiiac on this surface 

The adambulacial iimatuie is formed hy 2 lows oi spines the furrow 
series of 2 spines to each ossicle cylmdiical blunt pointed, and close 
logethei , the ictinil spines (or outer senes) ire bioider moie conic »1 
md also bluntly pointed In the proximal half of the ami there are 2 
ctmal spines to eich ossicle but further out 1 onh 

(& ) By the kindness of Mr Edgni rite the Currtor of the Cantei 
bury Museum, I ha\e been allowed to examine the t'jpe of the species It 
s in much better condition than mure as it has eaidentl^ been carefully 
clued, and the skeletal plates are not disturbed It has f'^ded to a dirt\ 
aellow colour 

Tire disc phtes ue qmte distinctly seen through the skin th< chiei 
(ires lie lobed rs m the above specimens, and in conueeted ba short 
ssiclcs so as to foim r network , but the width of the meshes is smaller th( 

1 ngth rnd uumbei of lods bemg less than in the above The distinctly 
lobed 01 rosette plates on the aim both median and Irteral have the same 
irrangement, and there are the sime mterbrachi il lines of plates Mi 
faiquhar’s hgure was diiavn I suspect from the w(t specimen, so that 
the plates are not clearlj shown 

I may note that on oni side of one arm, which bears a normal pan of 
pediccllaiiae there is i tiia lived pcdicellaiin is shown m Faicjuhar’s figure 
situated ]ust in front of one of the noimrl bivalved pediccllariao, an<i 
symmetrical with a small bivalve on the opposite «idc of this arm 

{c ) In the smill individuaL the short rods connecting the rosette plites 
ire still fewer oi ilisent so that the phtes iic in contact The supn 
maigmils touch the ridirls foi about hill the length of the arms th n 
there IS a single low ol int<rmednt<s On the disc the plites aic iin 
biicatcd 

The dried specimens me sui< K 45 ) 2() ind 11 40 't 10 
( olou) — ih( colour m life is described by Mr Ohver as blight red 
Lhe dried ones u( still c uniim red those nr aleohol rrc biu,ht orange 
Lotahtif — Oliver ‘■t ites that the} ire not common ’ They occui on 
ocks near md bdow low water maik M<}ti Island (29/2/1908) , Bo it 
( ove bunda\ Island (1/5/1908) Fiiquhii’s specimen also came from iieu 
Distnhntw)) —lhe genus is icpuscutcd b} i 0 (tmcina on the Au-* 
iialnn coast hm thi opportunity of compaiin., the Rermadec spteies 
Mth this I am mdebted to Mr Blhciidge Cruatoi of the Australiin 
Muserrm who w is ^ood (iiough to send me specimens of the Austiahiii 
species 

Gymnasteria lissotergum sp uo\ Figs 4 and 5 

Three small starfishes seem to require the formation ol a new spenics 
Dimennons — R 11/65 The smallfi has R 6 / 4 The ratio i R 
IS 1 1 84 and 1 15 

Flat star shaped with bio id rims (7 mm at the base), louirded at 
the tip The ahrctinrl surface is co vexed with flat roundish hexagonal 
plates of relatn elv large size pavement hke in their arrangement, and 
<o\ered ba i loiigh fineh granulated skin Pipulac ocoui in lines between 
the plates 
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Timnactions. 


The median radial plates are somewhat larger than the lateials, which 
extend to the lip of the ray. The madreporite is single, small, about 
half the diameter of any of the other plates of the disc, and situated close 
to the centre. 

Marginals well developed. The supra-marginals are large, flat, squarish, 
lying on the upper surface. There are 7 on each side, excluding the ter- 
minal. In one specimen some few of the supra-marginals bear 1 to 3 (|uitt‘ 
small blunt spines on the outer edge. In the other specimen tliey are little 
evident. 

In each interradius a couple of plates, with adjacent sides straight, 
extend from the primary interradial to the marginals. 

At each side of the base of the arm is a small valvate pcdicellaua, 
though not quite regularly disposed, as it may be absent from one side. 
They are usually carried on one of the small supplementary plates, between 
the supra-marginal and laterals. In one case there is a pcdicellaria on 
a special plate close to the median row. 

On the actinal face the iutcrbrachial areas are formed of small plates 
similar to those of the upper surface. There are no pedic-dlariac or papulae 
on this surface. 

The infra-marginals are similar in form and number to the supra- 
marginals. Each bears a horizontal row of 3 or 4 short conical spines, com- 
pressed from above down- 
wards, closely set along the 
outer edge of the plate. 
In each group the 2 middle 
spines are rather longer 
than the 2 outer ones. 
There is a gap between the 
groups, so that the saw- 
like fringe is interrupted. 

The adambulacral arma- 
ture : The series of fuiTow- 
spines and the series oi 
actinal spines are united 
together to form a sort of 
membrane, so that the 
groove is margined by 
2 membranes on each 
side. The furrow-spines 
are 2 to each plate, cylin- 
drical ; the actinal spines are solitary over the greater length of the 
groove, but duplicated on the plates near the mouth, flattened and broad, 
with very hlwit points. There are no special teeth at the ov&l angles. 

Cnhmr, — Mr. Oliver gives the colour as “ bright red.’* When dried they 
are })ale buff, with indications of a richer brown near the apex. 

Localitif.— Merer Island : Under stones in rock-pools (19/5/1908) : and 
one was dredged “ on coral, 3 fathoms ” (1/3/1908). 

DisU'ihvilmh — The genus is Pacific and Indian. 

Rmarks, — The juvenile form of 0. carinifera v. Martens, figured by Sladen 
(*' Challenger ” Report, pi. 52, figs. 5-8), differs from the present species in 
the relatively greater size of the plates, in the presence of large spines on 
the infra-marginals, and none, or very small ones, on the supra-marginals ; 




Pio. 5. 
Gymnasteria li^otergum. 

Fig. 4. The abactinal surface of the disc and of one 
ray (x IJ). 

Fig. 5, The ^iual surface of one ray (x 3). Details 
are inserted on one side onlv. 
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also, in that species tliere are 2 rows of lateral intcrarediate pLitos sepa- 
ratiiijj the radials from the marginals, while the proportion r : jR is dihreuent. 
The aims .ire blunter, and the adambubural armature different. 

Asterina oliveri ^|). nov. Eii*. 6. 

Of this starfish, which is very coiiunoii in rock-pools, 1 have nine speci- 
mens, all dried They hav<s unfortunately, been a good deal Battened, and 
the spines rublx^d off in places, hut the general characters an» readiiv seen 
by comparison ol one with another. 

Dimensions . — The largest is R 27, r 28, and tioiu a senes of measure- 
ments it is found that r : R is about 5 : 7. 

The outline varies from stellate to nearly pentagonal, with only slight 
incurvatures between the imvs. Probably in life the centre of the disc is 

elevated, hut it is now depressed. 
The arms are, naturally, broad, and 
end blmitly. The madreporite is 
single, not prominent, much nearer 
to the centre than to the margin, 
its mesial edge being a little more 
than half its ovm diameter from the 
centre. 

Thi‘ abactiual plates die cres- 
centic, those along the middle of the 
ray longer than elsewhere, so that 
they are distinctly conspieuoob. On 
either side of this row the plates arc 
shorter, and this decrease continues 
towards the middle of tlie inter- 
brachial Are<i. The spines are in 
2 rows on eacli plate, closely set, 
t*ylindrical, fine, and sufficiently 
long to reach nearly to the neigh- 
bouring plate when pressed down. 

There are about H spines in each row on the mesial (radial) plates ; 
about 10 on the curved inti'rradials of the iiiteibraclual area, but towards 
the margin they got fewer, there being only some T) or 6 on these smaller 
plates. 

Oil the iictiiuil surface each plate carries only I spine, shorter than those 
of the abactiual plates, and «i good deal stouter ; but on the 5 or 6 rows of 
plates near the margin, where they are reduced in size, each plate bears 2 
spines. The < olour of those actinal spines is greenish-blue, with white tip 
and white base. 

The adambulacral armature : The furrow-spines are 2, cylindro-conical, 
standing side by side in a row. Externally on the actinal face each plat<^ 
carries 1 spine, longer and stouter, blunt-pointed, and somewhat flattened. 

The oral armature : Bach interradial couple bears 10 spines (f.e., 5 
on each side), arranged horizontally close together. Of these, 4 are long, 
stout, flattened, and truncated, with 3 on either side rather stouter. 

Each of the oral plates, at the angle, beam a single spine on its actinal 
surface. 

Colour . — In life they are black, but in the dried state they are a uniform 
dark bluish-grey. The lower surface is bliush-green, the spines here being 
greenish, with white tips. 



Fill. (). — .UUnmi dii^n. 

\ tew <>t the rddidK and Utero-doi'^aK 
on 'iome ot which the double lows ot 
bpines ai'c bhown ; one radial ib wdiolh 
expobcd, but ot the othert, onf\ th(» 
narrow spiuifei’ous mari>m is \ ibihle (r/). 
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Transactions. 


Localittj. — On the east coast of Sunday Island ; common ; rarely noticed 
elsewhere. 

Remarlis. — This species diffci's from our New Zealand A, rcgularis in 
several points : the spines on the upper surface are finer and more nume- 
rous. while in that species also the radials are not prominent. I may stat(‘ 
that a good account of our native species is a d(‘SKleratum, for it exhibit^ 
some variations. No ojie has recognized again Periiei’s A. novae-zcalandiat , 
which appears to bo a variation only. All the Kermadec individuals ha^e 
5 arms, whereas A. legularis is well known to present 5, 6, or even 7 arms. 

This new species is allied, I think, to A, qunmi Gray, fiom the coasts ol 
Australia, Tasmania, and the Cape of Good Hope, which, however, is appa- 
rently invariably 6-rayed, and the actinal surface of the adambulacral plates 
bears 2 spines. Owing to lack of necessary literature I give it a new name, 
though I am quite prepared to find that this species has aheady been 
described. 

Ophidiaster (?) kermadecensis sp. nov. Figs. 7 -11. 

The material consist of se^'e^al dried individuals, as well as three in 
alcohol. 

Dimensionb. — 82. r 12 ; so that i : R is nearly 1:7. The diameter 
of the arm about half-way along is J 2 mm. 

The rays are long, subcylindrical, tapering to a point. The abactinal 
skeleton is composed of rounded and round-topped plates, covered with 



Pig. 7. A poll ion of a ra>, abactinal surface (x 4), No attempt is made to show the- 
^anulation of the skin, nor the fact that ike papular areas are depressed 
below the level of the upper suifaco of the plates, which have their outlines 
too sharply marked in the figure. 

Pig. 8. A portion of a ray, actinal surface (x 4). See remarks under previous figure. 

a tough skin presenting small, unequal-sized, closely set, low, rounded 
granulations, so that the skin looks shagreened. 

There are 7 rows of plates, aU practically alike in form and size — that is^ 
a median (radial), a lateral (adradial) on each side, and the two marginals. 

The papular areas are large, and are continuous with one another in 
a longitudinal direction. Numerous pores, as many as 15 to 20, are 
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scattered over each area. The granulations of the skin of these areas is 
finer than on the plates. 

Characteristic pcdicellariac (those termed by Perrier “ pedicellaires eji 
saliere ’’ and by Sladen entrenched in the form of shuttle-shaped pits 
are likewise scattered over the whole of these areas in considerable numbers : 
I counted as many as 15 to 20 in some areas. They are, however, not 
confined to these places, but eiKToach upon the edges of the plates. They 
are set close together, almost touching, with tlieii long axes in all direc- 
tions ^fig. 11). 

The plates on the disc have the same arrangement as in Ophidiaskr 
ophidianus, as described and figured by Ludwig (1897). The circular 
madreporite is larger than the interradials, and a little nearer the margin 
than to the centre. 

The actmal surface is covered by the same skin as the upper surface. 
The adambulacral plates arc separated from the mfra -marginals by a 
single row of small plates (the vcntuo-laterals), every alternate plate being 
connected with a marginal by an upwardly directed process, while the 
other plates are horizontally arranged. Papular areas with pedicellariae 



Fiu 10. 

OpliidUihicr (?) Jcertnudecensts. 

0. A portion of the side of the ambulacral groove, seen from mesial aspect after 
the removal of the opposite wall (X 4). wrf., adambulacral; /.a., furrow - 
spine ; tho granulations of the akin pushing belwoon the furrow-spines. 
Fig. 10. Tho skeleton of one side of portion of a ray (X 4) after treatment with potasli 
and somewhat llatlenerl out. ad,, adambulacial ; ])it for actinal 

ambulacral spine; c., eoimective; d.L, dor&o-latoral ; t\m., infra-marginal: 
r, radial ; a.m., supra -marginal ; v.L, vontro-latt‘ral. 

Fig. 11. An ‘‘ entrenched pc^icellaria ” (much enlarged). 

occur outside the latter. The adambulacral armature presents 2 furi*ow'- 
spines on each plate, closely pimsed against the side of the furrow, with 
the tips outwardly directed. The granular skin pushes furrowwards be- 
tween them. The actinal spines arc much thicker, shorter, and stouter, 
and somewhat clavate in form. There is one to each plate. 

As Sladen mentions “ super-ambulacral plates ” in his diagnosis of 
Ophidiaster, as opposed to some other genera of the family, I examined into 
their occurrence here : they exist as short rods passing from the upper 
.surface of the ambulacrals to the veutro-laterals. 
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Tn(n savtions 


Cofoiu,—\\\ life this species is deep oi*an£*o. IVli*. Oliver leuurks, ** Its* 
coloui lenders it very coiiaptcuoiis, tind it does not try to conceal itself. 
This seems lu be a good case of ‘ warning coloration/ the starfish evidently 
beinsi distasteful to fish/’ kc, T do not kiunv whether he made any experi- 
ments to Kupjiort this suggestion, \vhi<*h on the usual view of coloration 
beonis plcxusihle. When dried the coloin turns to <i dirtv pale oraime- 
lirown : in alcoliol to <*liocolato-bro\\n. 

Locality . — Mcver Island (20/5/1908). It has already been T(‘(*orded 
and sufficiently described fiom Raoul (Sunday) Island bv F.irtjuhar (J897), 
who did not give it a spo(‘ifiic name. 

Remarks. —I have doubts as to whetlier this is really an Ophidiaster, for 
according to Ludwig’s analysis of the skeleton (1897) of the Mediterranean 
species, 0. opMdianm, there should be 2 rows of ventro-lateral plates. 1 
do not know' whether a similar careful analysis has been made for other 
species, but Ludwig lays stress on this point, for he separates, mider Gray's 
name Hacelia, H. attenuata on account of the presence here of 3 ventro- 
iaterals. Possibly, therefore, the Kermadec species deserves a new' generic 
title. 

The ariiingenumt of th<‘ arm -plates m 7 regular longitudinal row's is a 
characteristic of Ophidaster which is shared by Ilacelia, whereas in Linekia 
the dorsal arm-plates aiv^ not regularly disposed, though in a recent paper 
Koehler (1930) describes L. duhiosa, in which the domal surface has the 
appearance of Ophidiastc). while the arrangement of the adambulacral 
spines in contiguous rows is held to be a feature of lAnckia. 

I have been rather puzzled i>v the “ ontrenched pedicellariae/’ foi in 
Bronn’s ** Thierreichs,” as also in Deluge’s “ Zoologie Concrete,’’ the diag- 
nosis of Opliidiaster includes the “ «Tibseuce of pedicellariae.” Nevertheless, 
Sladen describes tw'o species (0, tuherifer and 0. hcliostichics) in which 
these are present, and Ludwig adds several others with '' pedicellaires eii 
sali^re." This diagnosis is thus misleading, for it is one of the apparent 
distinctions between this genus and Lmckia. 

I am not sufficiently familiar with the literature to do more than express 
my doubts as to the validity of referring this Kermadec species to the genus 
Chphidiaster. I am informed that a specimen was sent to Professor Bell, 
of the British Museum, for identification, and it was stated by him that 
he did not know the species, and that it was probably now to science ; 
hence the detailed account above given. At the same time, 1 have not 
seen Perrier's account of O, germa/ii, from Lord How'e Island and New 
Caledonia, and it mav turn out to belong to this species, m* to on<‘ of 
Lutk(‘n's from Tonga. 

Asterias rodolphi Perrier. 

Perrier. Ann. Mag. Nat. Hist, (4), vol. 17, p, 34 (1876). 

Farquhar (1897) has akeady given a full description of this species, 
which was collected at Raoul (Sunday) Island, where the type was found 
so far back as 1854. 

The present collection w'as made at Sunday Island “ under stones at 
low'-water murk.’' It consists of seven specimens in alcohol. They all 
have 7 arms. 

Measurements w'ere made on three iudi\’iduals, w'ith the following result : 
R 95, r 18 ; R r 14 ; R 48. r 8 : hence the ratio R : r is between 
5 and C ; 1. 
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Cohut . — In life the stailish is dark puiple ; in ahohol it is palo red 
iVith the intcrbrachial areas dark brown. 

Asterias (Stolasterias) edmondi sp. nov. Figs. 12 and 13 

Two dried specimens and one in alcohol appear to rcquno the foninttioi 
jt a new' species, and I give it the above name in commemoration of the 
great work of Edmond Perrier on the echinoderms. 

Dimensiom. — S3, r 7 ; and E 26. r 5*5. The largci* has 8 lays. the 
smaller 7. 

The remarkable feature about this species is the naked centi’al -irea, 
pro\'ided with only a few' scattered small plates. It recalls S. alriandri 
Perrier (1905) ; but in that species the naked area is traversed by 5 ladial 
row's of small plates, even when young. 

The arms are long and narrow, being in the larger individual 5 mm. 
across the base ; so that L : B equals 28 : 5— its length is more than 
live times its breadth. 

The whole starfish is much more delicate in build than A, wdolphL 
The central abactinal region is almost l>are, appearing as a thin mtmibiane 
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Fig. 12. Fit., 13. 

Asterias (dmondi. 

Fig. 12. The oouiral area of the disc (x 4). ceiitial ; e / . (‘(‘Ulro-lateral ; luttr- 
radial ; mdp,, madreporito ; ri, f>i‘tmary r«idial. 

Fig. 13. The hkeleton of a ray, half only (X 4). ml., adaiubulacral ; c, (onneethe; 
d.l.^ dorso-lateral ; i.m., infra-maruimil , *> m., siipia-mar«iiicil ; r., ivwUal. 

with minute, isolated, roundish plates or granules louglily arranged in 3 or 
4 incomplete concentric circles. In the larger one there is in the (*entre a 
quadrilobed plate (the central) bearing a spine, which plate is absent in 
the smaller specimen. The diameter of this area is 5 mm. It is surrounded 
by a ring of more or less pentagonal or quinque-lobed plates, intorradial 
in position (^.r.), each bearing 2 spines. One of these is, of course, the 
madreporite, which is relatively of large size. L 3 dng outside this circle 
are the 7 primary radials. The radials are 3-lobed, 2 lobes being proximal 
and resting on the i,r. Between the /.r., and almost entii'ely concealed ]iy 
them, are the oentro-radials. 

The arm-skeleton consists of a median series of triradiate plates, every 
alternate one bearing a spine, and, like all the spines, these are suiTounded 
at their base by a cushion of pediccllariae. 

On each side of the median series is a row of transversely arranged plates, 
slightly lobed at the outer end, each of which is connected by means of one 
or two smaller plates with 2 vertical rodlike plates. These in their turn 
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al)ut upon the upper end of the large supra-marginals, every third of which 
bears a spine, which projects laterally, forming a fringe along the side oi 
the arm. The mfra-marginals are horizontally extended, each bearing 2 
spines, obliquely set, one slightly above the other. The spines are cylin- 
drical, short, and relatively stout, with rounded roughened tip, those at 
the margin somewhat flattened from above downwards. 

The adambulacral armature consists of a single series at the proximal 
portion of the groove (about one-third of its length), but further away 
fi*om the mouth each plate bears 2 spines, the inner being slenderer than 
the outer, but of the same length. 

The individual in alcohol has 3 small regenerating arms. 

(Jolour . — In life it is bright blue ; when dried it is pale grey. 

Locality , — Cast up on Denham Bay beach, Sunday Island ; and also 
found under stones below low-water mark at Coral Bay. 

Remarks , — I find no reference, in the literature at my disposal to any 
starfish of this subgenus Stolasterias having a naked central area ; but, as J 
have mentioned, S, nlexandri is nearly naked at this point. It is a curious 
exception to the general rule of development of the plates of the disc for- 
mulated by Ludwig that the centrale is Ihe first to appear~at any rate, in 
the Mediterianean species. 

I may state that I have a very small specimen ot A, calofmaria — less 
than the smaller of the two above described — in which the disc-skeleton is 
already well developed. 


Ophiurotdka. 

Olivei wiites, in expLuiation of the condition oi the Ophiurids, “ 1 had 
great difficulty m preserving the brittle stars and holothurians ; they were 
all obtained at Meyer Island or at Coral Bay, and often two or three days 
would elapse between the time the specimens were collected and my return 
to camp, so I was forced to put them into spirit before they were quite dead, 
with the result that thev broke themsehes up.'' 

Ophionereis schayen iMuller and Troschel. 

This species has already Ineii recorded from the islands by Farquhai 
(1906). Oliver state's that it is “ veiy common in sand and mud, uudei 
stones, in rock-pools, and al)out low-water mark.” 

This common itfew Zealand brittle star is highly variable in coloration, 
which Farqiihar has suggested may he protective. This author has given a 
full account of its anatomical features (1894:) and a list of references (1898), 
and in another paper its distribution (1906), so that I need not add anything 
further. 

Meyer Island : and elsewhere on these islands (Haylock). 

Distribution . — New Zealand (from Auckland to Dimedin), Chatham 
Islands, Australia (east coast), Tasmania. Juan Fernandez, and probably 
Galapagos. 

Amphiura squamata Delle Chiaje. 

I have given the full synonymy and references in my report on the 
Eohinoderms from the subantarctic islands (1909) ; but recently Lyman 
Clark (1909) has suggested that this southern form — at any rate, that from 
Austrsdia — ^is a distinct species, and places it in the genus AmpMpholis 
(- Amphiura) as A, anjLStraliana, But if it turns out that our New Zealand 
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species is identical with that from Lord Howe Island it seems to me that 
Hutton’s name parva (1879) should take precedence of Clark’s. 1 have 
not re-examined the identity ot our form. 

The specimens collected by Mi. Oliver are jiiAcnile; the largest of the 
hve individuals me<isuros :2 mm. across the diS(* ; ih(‘ arms are aboul 

times this diameter. 

Locality, — Coral JBav, Sunday Island : “ In mud. under si ones.” 

Distribution, — New Zealand, Auckland Islands, North Atlantic, Meditei- 
ranean. Cape of Good Hope, south-east Australia, Chile, (rough Island, 
Lord Howe Island. 

Ophiocoma brevipes Peters. 

I believe this to be Peters’s species, hut, as a detailed account is not 
accessible to New Zealand naturalists. 1 append a iull account of these 
specimens. 

The material consists of two specimens in alcohol. 

Dimensions, — Disc, 28 mm. in diameter; arms, about lUOmni. from 
the base, but, as they are curled a good deal, it is impossible to give accu- 
rate measurements. The breadth of the arm at the base is 5*5 mm., and 
over the spines 11 mm. 

The whole of the ciiculai disc is coveied with a tlumiish skin, with 
minute, closely set, rounded granules, about 8 or i) in the length of a milli- 
metre. The disc bulges betiveen the arms, W'hich <iie set at th(‘ edge, and 
are not inserted in a notch. 

The adradials are entirely covered, as is also the interbrachial actinal 
area, with this granulation. 

The orals are large, hexagonal, wnth ( urved sides : sometimes the angles 
are obsolete. The radial diametei is a little gi eaten than the transverse 
(L = 3-5 mm. ; 6r = 3 nun.). The greatest bieadtli is neai the outer side, 
and the mosially directed angle is aeuter than the ahoral angle. 

The side mouth-plates are triangulai, })iojei*t externally, and aie daik 
in colour. Buccal ptipillae ])ale, 6 on each side : the outer ones are long, 
conical, and pointed at tlie , th(‘ inner on(‘s are slightly sliorter and 
rounder. 

Dental papillae form <» somewhat tnangulai group, ol which one scries 
of -I are quite small, and lie more superlicially than the hue eal papillae : 
2 others are nearly in line witli tlie latter, and similar to tliem in shape: 
8 or 9 others form iw'o (' urved row's below: of these, I or 5 lie in an 
upper row, the 2 outer ones oi which are smallei than the other 3; while 
the lower row consists ol 4, about ecjual in size, and an*anged so as to 
alternate writli those of the up])ei row . lliere is some variation in the details, 
even at the five angles of one and the same indhidual, especially with regard 
to the outermost series, whieh iiiuy be absent : while, on the other hand, 
there is sometimes an additional j>air of small ones in line with the buccal 
papillae. 

Teeth are 4 in number. 

Upper arm-plates are twdee broader than long, transversely oval, with 
convex distal margin ; they meet one another broadly. 

Under arm-plates are somewdmt shield-shaped — that is, quadrangular, 
with the proximal margin less broad than the distal. The latter is convexly 
rounded and the lateral margins more or l(»ss excavated, while the 
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proximo-lateial anj>les aie bevelM off. The length ol the pl.ite ib al»<»ut 
eqnal to the breadth of the diatal margin. 

The side arm-plates ]ust appear dorsally and vent rally. 

Tliere are 2 tentacle-seales. 

The arm -spines are usually 4. over the greater part ofc the aim, hut mvii 
tne base may be 5 or even 6, while in the distal portion the number sinks 
to 3. The spines are flattened, smooth, blmitlv truneated : the upper twe 
ire shorter and broader than the lower two. 

In one individual f noted that for two-thirds ol the arm there ar<‘ 
spines, and 4 nearer the base ; the 3 are subequal, but the middle one 
slightly the longer. Towards the base the uppermost (the 4th) is broader, 
shorter, and tlattei, and truncated. The upper spine :s equal in length to 
about 2 upper plates ; the lowest to nearly 2| plates. 

Colour , — The colour in alcohol is very dark brown, nearly black, with manj 
small pale spots (or. rather, dots), more or less circular, dosoly set, rather 
more densely and of larger size near the centre, and often disappearing 
towards the base of the arms. They are fewer over the adradials, espcciall} 
along the middle of each, so that here there is a lincai’ dark space. 
The arms are sometimes neither spotted nor banded, except towards tin 
tips. The upper arm-plates are almost black, but in one individual thi 
arms are banded. The arrangement is as follows : X few of the plates at 
the base of the arm are marked with a central croam-coloured oval spot, 
larger or smaller, at irregular intervals, but generally 2 or 3 such plates occui 
consecutively. Further away from the disc groups of 2 or 3 plates mav 
be nearly wholly of this croamish tint, separated by more or fewer dark 
plates. Still nearer the tip groups of 3 or 4 plates are marbled with cream, 
and the intervening ones are grey, with dark margins, so that the ends ot 
the arms are cross^ by pale and darker bands. The aotinal iuterbraehial 
aieas are similar to the actinal surface, but the spots are larger and closer, 
«v) that this region appears paler, and there results a dark network on e 
p<ile ground. The orals and side mouth-plates are dark brown, but the 
nudreporite is cream-coloured. The under arra-plates are pale brown, l*ut 
close to the disc are cream Sume of the spines have a pale streak al<mL, 
tht- upper and lower marniurt. 

Locality , — Coral Bay ; iii mud, under stones. 

Lord Howi* Island (Clark, 1909), Philippines, Fehn\ 
Ihlaitds (Lyman, 1874), Auiboyna and New Guinea (Clark, 1008), Kiuasrnill 
fhlaiids (Lyman), Sandwich T^thuds (Lyman, O, i^imlnria), 

Ophiothrix oliveri ^p. nov. Fig^. 14-17. 

Material : Three specimen^. 

Biincnsiona , — Diameter of disc, 14 mm. ; length of arm, about 82 nun. 
tliLfefore the arm is about six times the disc-diameter. 

General Colour, — Violet, with paler under-surface : when in alcohol, 
dark : when dried, much paler. 

The disc is pentagonal, with exca%’-ated interradial edges when dried, 
but bulging here when in alcohol. 

The abactinal surface is covered with a thin skin, strengthened by small 
conical granules, which when dried are seen to be glassy spinules terminated 
in 3 or 4 (rarely 6) points, the length of the spine being about three times its 
breadth. 
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The adiadial, the Wuiit tip of which ib fiee and Hli|>htly raisofl. ih also 
i overed with spinules, though more spaiseh tlian elsewhere. 

The aetinal interbrachial area is nahed except for a small tiianguiar 
patch of spinulos which encroach from its margin. 

Tlic ortils are remarkably small, and only that canying the niadicponte 
lb at first noticeable, owing to its larger size. They aie transveisely 
ihomboid, situated close to the outer margin of the aetinal region, near the 
irenital clefts, leaving the whole of the angle-piei es, us well as the conspicuous 
perfoiatioii between them, exposed. 

The torus is broad. There are no ])U((al papillae, but a large senes of 
16 dental papillae, which form a vertically oval patch, a i ranged in four 
horizontal rows of 4 in each row. 



Fu., J>1 OjiihtofhH K utiHfl, 

ActiiiAl Hiirtaco of poitioii ilu <lis( (\ .■>). 

The upper arm-plates are naked, trant^wiseiv oval, with Ihe ])roximal 
margin straight. This margin has a raised median prominence, pale in 
colour, while the distal margin has a hmnll peak, also ])alo. The sucetbssivo 
plates are in. contact (fig. 15). 

The under arm -plates are sub(|uudratt* broculer thaji long, the 
proximal margin nearly straight, the disfal concave, the lateral bordms 
convex (fig. 17). 

The arm-spines are 8 in number, glassy, fiattened, and feebly thorny 
along the edges. The lowest spine (1st) is the smallest, being only a little 
longer than the scutellum or tentacle-scale, just outside which it lies. The 
next 2 are successively longer, while the 4tli. 5th, and 6th arc the longest : 
These approximately equal four lengths of a dorsal aim-plate. The 7th and 
3th are successively shorter ; the 7th is nearly twice the breadth of a dorsal 
plate, while the uppermost is rather loss thou the length of this plate. Tlio 
spines are violet (fig. 16). 

The arms are (in alcoholic speeiineiih) t*t)lourt*d witli >fiolet hands, 
alternating with paler, somewhat greenish, bands of loss width. Thi^ violet 
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bands occur ovei the whole of one plate and tln‘ half of each of the two 
neighbouring plates, fading out gradually. The pah* band occupies one 
plate. Ill the dried specimen the arms are uniformly violet dorsally. 

Locdlihj . — In sand under stones near low- water mark, Coral Bay, 
Sunday Island (July. 1908). Not common. Noihiiui is said of the colour 
when aHve. 

liemarl's . — I supposed for some tiuK* tluii this was 0. caaspilosn Lyman, 
which was obtained at Port Jackson during the ‘‘ Challenger expedition ; 
but from this it differs in (1) the absence of combs at the base of the arm, 
of which, however, no mention is made in the text, though in the figure 




i?lg. 15. Two upper arm-plates, lateral plates and spines (x 4). 

Fig. 16. Transverse section of an arm, showing the series of spines on one side ( x •!). 
Pig. 17. Two lower arm-plates, with lateral plates and spines (x 4). 

they are shown ; (2) in the form of the under arm-platcs ; (3) the propor- 
tional lengths of the ai*m-spines : (4) the colour is said to be faint greenish 
above (in alcohol), the arms banded with lighter and darker yellowish-brown. 
It is also distinct from 0. cocrulea Hutton. 

Tariefi/. 

Two specimens, also from Coral Bay, differ in one or two features, which 
do not appear to be of specific importance. 

Disc, 8 mm. in diameter ; arms, about six times as long. 

Ill alcohol they are purplish-red ; when dried the disc is very pale 
piurple : the arms are marbled with white spots on a reddish, or in some 
places piurplish. gromid, though about every 3rd or 4th dorsal plate is uniform 
reddish. The spinulation of the disc is less profuse, so that the outlines of 
the plates are recognizable, and the interbrachial patch of spinules on the 
actinal surface reaches to the orals. 

The under arm-plate is somewhat angular at its lateral margin, instead 
of being a convex cura-e. 

The oral is longer, in a tangential direction, in proportion to its radial 
diameter, and the sides a little more excavated. 

Although the disc is smaller than in the t\"pe. the width of the arm is 
much greater than in that. 

The number of dental papillae is 12. though perhaps some smaller ones 
were overlooked. 

Ophiura kermadecensis* sp. nov. 

I have three dried specimens, of whicli one is quite small; the other two 
of about the same size, with a disc-diameter of 4 mm. ; the arm is 7 mm. 

*I have used Ophiurn Lamk. Ophioglyphti Lyman), in accordance with Bell’s 
demonstration of its historical usage. He has shown, too, that Lyman's usage of Ophiwra 
(^Ophioderma Mull. & Tr.) wrong. Both Bronn’s “ Thierreiehs and Lyman 
Clark follow Boll (Ann. Mag. Nat. Hist. (6), viii, 1891, p. 339). 
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ill length, but the tip is broken, so tliat probubly it is really twice the 
diameter of the disc. There are also four othei* specimens in alcohol. 

The circular disc is covered with larger and smaller subcircular plates. 
There is a distinct ccidrale, ^^^th convex roughened surface, surrounded 
by 5 quite small intemidial scales, and th(*n o larger radial plates, flat, bul 
with the distal margin somewhat raised, so as to form a convex pi’omi- 
nence ; coloured pinldsh. Tli(‘se radial plat(‘s are separaied from one anothci 
by interradial rows of small ('onvex plates. An outer circle of 10 flat plates, 
with prominent outer margins, radially and interradially placed with I or 
small convex plates belweem them. The adradials of 2 neighbouring arms 
.ire separated by 1 large subquadratc plate (fig. 20, ifs longer axis 

tangential and the outer border somewhat raised ; and 3 or 4 smaller 
plates along its mesial margin separate it from other plates of the disc. 
In one specimen the number of smaller plates on the disc is less than in the 
one figured. 




Ophiura Lennudfcenais. 

Kio. IS. Abaci iual .surface ot a ]iortion ot dibc and ba-^c of one ra;v (.•< liq. 

Fio. 19. Actinal siiifaco ot ]iurtion ot disc and base ot lavb {x 12). 

The adradials are exposed, toii<*h one another, and are somewhat pyri’ 
form, with a rounded, raised <‘oiivexity on its dislal margin, which, as in 
the other plates, is pinkish and roughened. 

The interbra<‘hial ar(»n is occupied by one larg<» qaadrafc(*, viu'tically 
disposed, plate (fig. 2b, edged on <»ach si(l<‘ by long narrow plate, and 
below by 3 rounded plates, which are interposed between it and the oral. 

The orals are large, 5-sided, the radial axis l)eing nearly twice the trans- 
verse. The two proximal edges are short, and en<’lo^t» an angle directed 
towards the month. The lateral margins an* long and nearly parallel to 
one another, and the distal or outer edge is eonvexly rounded. The oral is 
thrust outwards from the moutli so tliat its distal margin reaches the edge 
of the disc, leaving the whole of the 1st and 2nd adatnbiilaerals (^.c., the 
angle-piece and side mouth-plates) exposed. 

There are 4 small quadrate buccal papilUn* on eacii aiiglc-piece ; a 
median and a pair of lateral angular papillae ; no teeth and no dental 
papillae. 

The arm is cylindrK'al, tapering, nearly circular in section, insert'd 
ill the margin of the disc, with a comb of short spines on each side of the 
base. This comb consists of 7 spines, of which the lowest is the smallest ; 
they arc conical and sharply poinied. The inner scries consists of 5 spines. 
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Pur generally, the under aiin-platcs arc small, siibpentagoiial, with 
the proximal margin produced into an angle, intervening between the ttvo 
lateral arm-plates. 

The 1st under arni-plate ia diamond-shaped ; llie breadth is groat(*i 
than its length ; th{* sides are slightly excavated for tlu^ pedal pore. The 
2nd and 3rd are pentagonal, broader than long. The -1th, 5th, iind 6tli are 
somewhat pentagonal, but tend towards a Iriangle, owing to th<‘ rounding- 
off of the sides and angles. The following plates ai(‘ transversely oval or 
pentagonal, with a pronounced angle or peak proximally. The plates get 
smaller and smaller, but do not disappear, at any rate, before the 20tli 
joint, at which the longest aim is broken. 

The side arm-plates meet ventrally after the 5tli under arm-plate, where 
they just touch ; but beyond this point the line of union increases in extent, 
so that soon it coincides ’vvith the length of the side arm-plate. 




Fm. 21 


() ph i u iv /. ( nil (tdf f ^ 

Fic. 20. Au mterbi’Achial area, seen from the .side (x S). the larae interln’d,ohid.l 

plate : on the oral ; ?n, marginal. 

Fig. 21. Portion of the upper surface of an arm (x 10), 

Fig. 22. Portion of the lower surface of an arm (x 10). 

Fig. 23 Portion of an arm, seen from the side (xS). up}K‘i’ arm-plat ( ; lower 

arm-plat 0 . 


The upper arm-plates are roughly triangular, with romidcd convex 
distal borders and with the apex directed proximally. Tlicv decrease in 
size till about the 10th, when they disappear, or are so closely and inli- 
mately united with the laterals that the suture is indistinguishable. 

The side arm-plates carry 3 spines, which spring from the dislal bordci ; 
they are short, cylindro-conical, adpressed to the sides, and witli a length 
about one-third that of the lateial plate. Of these spines, the two lo\ver 
arc rather closer together than the third, wiiich is smaller than they. 

There is 1 tentacle-scale throughout the greater portion of the aim ; 
but 2 scales to the first two pairs of pores. 

Colour , — 111 life Mr. Oliver describes the colour thus : “ Uppei surface 
of the arms red ; the basal portion white, with a red central line : disc 
pink above ; 2 plates [adradials] near the arms are white edged with red ; 
under-sui*face yellowish.” In the dried state they are buff, with pinkish 
tint on some of the disc-plates. 

Locality , — Dredged in 12 fathoms, on gravel bottom, off Meyer Island- 
and in about 20 fathoms off Denham Bay (5/3/1908). He adds that they 
are not common. 

EmarJes , — In the small size and the fewness of the interbrachial plates, 
with 3 arm-spines, this new species bears some resemblance to Ophioglypha 
mimla Lyman, but in details it differs sufficiently to entitle it to be 
specially named. 0. minuta was obtained off tlie south of Australia. 
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Phyllacanthus dubia Brandt* 

Thu‘f' diied spi'rmions wore ionvarded to ino, whi< li ha\o the follo^vin% 


dimensions * — 
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The spmos are nearly uniform in diameter, broadest a little above the 
base, whence there is a gradual, though slight, de(*rease towards the tip. 
and a less decrease towards the neck. Those near the ambitus are more 
nearly cylindrical. The two upper spines of any vertical row on each inter- 
ambulacrum are nearly of the same length ; the J-tli spine is about lialf 
this : the others diminish as they approach the peristome. The spines 
are always worn or corroded. 

Locahtff. -Meyer Island (24/4-/1908, 18/6/ 1908) , also Sunday Island 
(Farqiiliar, 1006 ; coll,, Haylock). Oliver writes thac they are veiy rare. 
The specimens collected arc all small, and w^ere found m a rock-(*revice 
near low- water mark. Two or thrive others were vseon in deep water (2 or 3 
fathoms).*' 

Distribution , — Now South Wales, Tasmania, Bass Strait. Lord Wow’i' 
Island, New Caledonia, 

Centrostephanus rodgersii A. Agassiz. 

Mr. Oliver states that this species is fairly plentiful among rocks at 
low' water.'*' 

The diameter ol the corona in these speciinens is S() lum. : height, 
35 mm. : longest spine, 55 mm. 

The corona when dried is purplish-browm. The colour of tiie opines 
when alive is dark jnirple. 

Mr. Farquhiu* (1906) includeh this in our New Zealand fauna, as there 
is a specimen in th(' Dominion Museum which is said to have boon collected 
at Wellington; but it is by no miMiis certain that tlie locality is correct, 
or that it was loiind on our coast. 

Locality , — Coral Bay, Sunday (Eaoul) Island (duly, 1908) ; also Meyer 
Island. 

Distribution , — East and south coasts of Australia, Nwv Caledonia, Lord 
Howe Island. 


“• After the MS. had gone to ])rtsd I had the opiiortunity while at the x\u»tralian 
Mnseuiru by ihe kindness of Mr. Coleman, of seeing Boderlein'rt Bor. ub. d. von Herrn 
Prof. Heraoii bei AmlK)ina nnd Thursday ItJ. gesammoltou Echinoidea, 1902, wherein 
the author takes the view that the three species P, imperinlis Lamk., P, dubia Brandt, 
P, parvispim T.-Wood, are not distinguishablo from one another, and refers the speoieb 
to the gonub Lfitcidariit Besor., which ho regards as including Cidnris, PJtyUacanihus, 
Phabdccidat ism X have, however, taken a conseivative view, as I note that Lyman 
Clark and e- recent wrikra retain Phyllacanthus ; while a recent discussion as to the 
proper namejf^' (Jidarids warns me, an outsidi r, to beware of ru<*hing in where Baxter, 
nark, Mortensen, and others have trodden. 
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Toxocidaris tuberculatus Lamarck. 

8iTongylocentrotusiiiherc\datu!i,‘^diT(\vAL:ir, Kamsay, <fec. 

Three individuals were collected. The largest has the following dimen- 
•^lons : — Diameter, 83 mm. : height, 39 mm. : spines, 15 mm. : poriferous 
-sone — above, 6 mm. ; below, 8 mm, : coronal plates, 20 mm. 

There are 10 or 11 pairs of pores in an arc ; but below the ambitub, 
where the zone widens out, the pores are pressed together into a nearly 
horizontal line of 7 pairs in the widest, decreasing towards ilie peristome. 

Gohnr . — lATien alive the colour of the spines is greenish-brown.'’ 
When dried they are dark olive-brown, greenish towards the base, with «i 
rosy tinge near the tip. The rosy tip is much more distinct in the spines 
below the ambitus and around the peristome, perhaps because they have 
i»een less bleached. They are here more distinc'tly gi*een, more truly olive, 
than above the ambitus; those immediately round the peristome being 
(b‘cidedly green. The test when dried is pale brown. 

LocflfZzVy. —Sunday Island (9/11/1908). Mr. Oliver unites, “This js tlie 
most abundant sea-urebin on the Kermadeo Islands. Occurs evcrywheie 
among the rocks, from low-water mark down, in rock-pools. It was also 
seen at Macauley Island and French Eock. Continued westerly winds 
during the winter months shifted the sand from the low flat beach on 
<he north of Sunday Island towards a boulder coast, burying the rocks 
for a considerable distance along the shore to above the level of low tide. 
This had the effect of driving thousands of these sea-urchins inshore, where 
a large proportion perished.*' 

This species has already been recorded from these islands by Farquhar 
(1906), who received specimens from Mr. Haylock. There is a specimen 
in the Dominion Museum said to have been collected at Wellington ; and 
I am informed that at one time there was a specimen in the possession of 
Mr. Suter which had been collected at Mokohinou, Auckland, 

Distribution, — ^New Zealand, New South Wales, Lord Howe Island, Japan, 
China. 

Remarks , — 1 have followed Hainanu (in Broun s “ Thierreichs ") m 
placing this species in the genus Toxocidaris, which Agassiz erected for 
lliose species of Strom/f/Jocentrotus in which the poriferous zone assiimt‘s 
a “ petaloid form Ix^low the ambitus. 

It appears that the colour of the spines is very vdnul)le. Agassiz (1872, 
|>. 460) says, “ Tin* colour of the spines varies from dark violet to black.*' 
Ramsay (1885, p. 46, gives them as “ uniform olive to olive-brown,” and 
refers for the first time to the flattening of the spines below the ambitus. 
Agassiz and Clark (3907. p. 122) write that the Japanese specimens 
“ are all (with one exception) large and of a very deep reddish-purple 
colour." 

As Agassiz' account of the spines of 8, erythrogrammus agrees better with 
that presented by my specimens — viz,, “ olive broAvn, tipped with violet ” 
— I hesitated as to the correctness of my identification, especially as he 
remarks that the test of S. tuberculatus when 6xy and denuded is usually 
greenish, the lower surface wliitish.” He makes no reference, however, to 
the colour of the other species ; but fr*om the petaloid winning of the 
poriferous zone, and the character of the spines and their » roportions, I 
believe that I am correct in placing these specimens under thw species. 
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Tripneustes gratilla L. Agassiz, 

T, varuffaiu'i, Farquhar, &c. 

Of this species I received four dried individuals and two preserved in 
,(lcohol. I’he largest has a diameter of 77 mm., and its height is 36 mm. 

Cnlmr, — Oliver notes, “ Colour of the spines white to purplish-white.'^ 
When dried they are white, tipped with pale-reddish tint. The dried test 
IS purplish-red. The ambulaeral areas are paler, the intenimbulacrals 
darker. 

The shoPi spines distinuuish it leadily from the other legnlar echinids 
of the Kermadecs.” 

Locality. — Sunday Island (July. 1908) : “ Large ones were seen in 

fathoms of water in Denham Bay.*' “ Numbers of these sea-urchins 
were killed by the encroachment of sand on the boulders on which they were 
living during the winter months, when strong westerly winds prevail," 
Ti has been recorded also by Farquhar (1808). 

Distrihufion. — Australia. Lord FTowe Island, Fiji, Sandwich Islands. 
J<ipaii. 


Echinometra mathaei Blaniville, 

E. lucunlvr, auct.* 

Four specimens were sent to me. 

Oliver states that the colour of the spines is white or grey." 1 find 
that tliey are white in the dried specimen, tipped with pale green, with i\ 
tivean .ixis, as seen on breaking them across. They are superficially ribbed. 
The smaller spines are wholly green. 

Locality. — South Bay, Sunday Island (7 '11 1908). Farquhar (1898) has 
already recorded this species. Oliver says that it is "" very rare.*' They 
^^ere found in crevices of rocks and in mck-pools between tide-marks." 

Plesianlhus testudinarius Crr<iy. 

Kchinonthvft tcaindinanus, anct, 

A single dead lest was obtained, dredged m 12 fathoms, on rock and 
artivel bottom. It had e\'idently been dead for some time before being 
tollei'ted, for the actinal surface has several ptitches of polyzoan colonies 
on it, some flustroid and one tubuloid. The abactiual surface is also 
<on(>ded, the tubercles being in parts obliterated. The whole surface is 
<|uite friable, and easily brushed away when an attempt was made to clean it. 

The length of the individual is 1 15 mm. ; the greatest width is at the 
level of the anterior pair of ambulacra, and is 97 mm. ; height, 27 mm, : 
length of the postero-lateral ambulacrum, 39 mm. ; width of the poriferous 
zone, 3 mm. ; interporiferous area, 15 mm. ; length of the autero-lateral 
ambulacrum, 37 mm. ; width of poriferous zone, 3 mm. : of interporiferous 
area, 13*5 mm. 

Locality. — Meyer Island, in 12 fathoms (20 5/1908). 

Dktrdiution. — Australia, Lord Howe Island, Sandwich Islands, Gulf oi 
California. 

* Jjyman dark (1909, p. 520) points out that Loven has already shown that the 
Indo-PaciHe species of Erhinometra should be termed E. mathaei, and that of Tripneustes 
jT. gratilla. 

0— T ran 
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Echinoneus cyclostomus Leske. 

A single specimen, denuded of spines, was found under stones in rock- 
pool. 

Locality . — Meyer Island (29/2/1908). 

Distrihutioiu — Australia, Kingsmill Islands, Zanzibai. 

Fibularia australis Desmoulins. 

A large number of lliis little urchin was obtained. Most of them are 
dried and denuded tests, but there are five in alcohol. They vary in length 
from 6 mm. to 13 mm. ; the largest has a breadth of 11 mm. and a height 
of 4*5 mm. 

Locality . — Sunday Island ; dredged in 5 to 10 fathoms. Dead tests 
washed up on the beaches in plenty ; live ones rarely dredged on sandy 
bottom, in Denham Bay.” 

Distribution. — Australia, Sandwich Islands, KingsmiU Islands, Japan. 
Brissus carinatus Lamarck. 

The material at my disposal consists of one large broken individual and 
a smaller denuded juvenile test. The larger one measures 72 mm. in length ; 
the other dimensions cannot be given. The postero-lateral ambulacrum is 
24 mm. in length, the antero-lateral 21 mm. The subanal fasciole is trans- 
versely elongated, heart-shaped. 

The colour is uniform purplish-brown. 

Mr. Oliver writes, One live specimen was encountered mider a large 
stone in a rock-pool at Meyer Island, but unfortunately was broken by the 
crowbar in moving the stone.” 

The smaller individual, which was washed ashore on Denham Bay beach, 
is white, having evidently been bleached. There are only a few spines 
remaining. In outline is recalls Agassiz’ figure of Platybrissus rather than 
Brissus, It is regularly ovoid, rather narrower posterioTly. The anterioi 
end is roimded when seen in profile, and the posterior end is higher than the 
anterior, and nearly vertical. There is no keel, which may be duo to its 
youth. 

Length, 25 mm. ; breadth, 18 mm. ; height, 13 mm. The greatest 
height is at about the level of the posterior ends of the hinder ambulacra : 
the greatest breadth is nearly at the middle of the animal’s length. The 
lateral margins of the test are nearly parallel. The apical area is near the 
anterior end, about one-quarter of the total length. 

The 4 ambulacra are only slightly sunken ; the antero-lateral nearly at 
right angles to the middle line, slightly curved backwards at first, then 
outwards and forwards. 

The poriferous zone is nearly of the same width throughout. The forni 
of the peripetalous and subanal fascioles is similar to that in the larger 
specimen. There are some large tubercles at the anterior region of the 
dbactinal surface. 

It appears from Bell’s study of the species (1879) that it is highly 
variable ; and he points out that Agassiz’ figure of B. carinatus contradicts 
his toxt in regard to the relative lengths of the antero- and postero-lateral 
ambulacra. 

I am not sure that this is the juvenile form of B. carinatus^ but my 
literature is insufficient to enable me to trace out its identity. 
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Distribution. — “ Brissus cainuitus ranj^es owr tIip (*iitire circiimtropical 
littoral zone ” (Bedford, 19()()). It lias been lecoided from Port Jackson, 
Society Islands, east India, Philippines, Maliy, Sandwich Islands, Kings- 
mill Islands, Japan. 
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Art. XX. — De8cnj>tion of an Undescribed Barnacle ot the Genus Scal})elhHn 

from New Zealand. 

By N. Annandale, D.8c., F.A.S.B., Supoiinteudenl of the Indian Museum, 

Calcutta. 

Communicated by Professor W. B. Benham. 

^Sead before the Otago Institute^ oth July^ 1910.\ 

In a collection of barnacles from New Zealand recently sent me by Professor 
W. B. Benbam there is a large ScalpeUum, labelled Scal])ellum spinosusj'' 
without further data. As this specimen represents a species hitherto 
undescribed, and as the name has not already been used in the troruis. the 
species may be described as — 

Scalpellum (Smilium) spinosum .-.p, no\. 

Capitulum broad, compressed as a whole, but somewhat swollen at the 
base ; the ocoludent margin vertical, slightly sinuous ; the carinal margin 
feebly curved. Fifteen smooth pinkish valves present, covered with a 
minutely hairy translucent brownish membrane. Tcrga large, lozenge- 
shaped, slightly retroverted in the upper third, extending far beyond the 
Carina. Scuta broadly triangular, with the bases rounded and tangential 
to the base of the capitulum ; the tips not overlapping the terga. i^arina 
short, nearly straight, ridged dorsally but not laterally : the sides of its 
upper half concave ; the base bluntly pointed between the carinal latera. 



Fig. i. iiScftl pell ton spimsiiJH, halt natural bize 

Fig. 2. Portion of the [ledunck; < 4. (The bauds ol blunt tahamui^ 
spineh altei’uate \\ith bare tuva^, whioh are here -.hadcHl.) 

Fig. 3. Mandible; x 15. 

Fig. 4. Fiist and *econd maxillae; ^ 15. 

Upper latera narrowly triangular, the scutal and lower margins being curved 
and much longer than the carinal ; the scutal angle pointing towards th«* 
lateral angle of the scuta. Rostrum, Intera of the basal whorh and snl^arinn 
prominent, pointed, spinelike. 

Peduncle stout, barely longer than the capitulum, surrounded by 
numerous sinuous or angulate furrows that separate ridges in which the 
very numerous pedimcular plates are imbedded , these in the form of 
minute blunted calcareous spines. 
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Lmhs, d'c. — (Urn colourless, rather short and by no means strongly 
curved, with a luxuriant £i*inge on the anterior and well-developed bunchcws 
of hairs on the posterior margin. The two rami of the first cirrus sub- 
equal. slender, pointed , the first ciirus not widely separated from the 
second. Anal ffppendatjes with one joint, which bears a tuft of short hairs 
at the tip and does not reach the end of the first joint of the protopoditc 
of the sixth cirri. Penis rallier short, stout at the base, contorted. 

Mouth Paris. — Lahrum slightly bullato, not mucli produced. Mandible 
\ 7 ith six main teetli in addition to the inner angle ; the outermost tooth 
slightly larger than the second, which is much smaller than the others ; the 
third, fourth, fifth, and sixth subequal ; small subsidiary teeth also present 
l)etween the first and the second and at the outer base of the sixth ; the 
inner angle blunt (perhaps sometimes bifid), bearing several short bristles. 
Maxilla with the free edge straight, bearing a row of bristles of different 
sizes that decrease gradually from without inwards , inner angle rounded. 
Second maxilla broad, \\itli the free edge slightly sinuous, bearing a fringe 
of long hairs. 

Length of capituliim, 40 mm. ; breadth of capitulum at base, 26 mm. 

Scalpellum spinosum closely resembles my &. kampeni, which occurs off 
the east coast of Sumatra, at Singapore, and in the Gulf of Siam. From 
this species it differs not only in its greater bulk, but also as regards the 
structure of its mouth parts and in the much greater profusion, more regular 
arrangement, and smaller size of its peduncular plates. The scutum is also 
broader, and the tergum differs in being retroverted. In the only specimen 
examined there is no dwarf male. 

[Localitj /. — Note by Professor Benham.-~The specimen forwarded to 
Dr. A. Annandale was one of a number received by me in 1899 from 
Mr. Cox, who was then light -keeper at Farewell Spit, Nelson. The same 
species was obtained off )Stewart Island during the cruise of the “Nora 
Niven.”] 


Art. XX J . — Notes on the Saddleback ol New Zealand (Creadion carun- 

culatus). 

By W. VV. Smith, F.E.S. 

[Bead before the Manauatu PhtJobophical Society, 17th March, 1910.] 

A YEAR ago Mr. S. Percy Smith, F.R.Q.S., ex-Surveyor-General of New 
Zealand and distinguished Maori scholar and historian, informed me that 
when surveying in parts of the North Island many years ago he occasion- 
ally observed flights of the popokatea, or whiteheads (Glitonyx albicapilla), 
bei^ followed by saddlebacks in their gregarious migrations through the 
native forests. This peculiar habit of the saddleback, or native starling, 
in following flights of, and associating with, other species of birds in the 
forests was first observed and reported by the gold-diggers during the gold- 
rush in the great forests of the west coast of the South Island, nearly fifty 
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years ago. The saddlebacks were hrst observed following flighls of yellow- 
heads, or native canaries (CUtonyx ocrocephala ) — the South Island congener 
of the w^hitehead — when feeding through the forest. 

The younger generation of Maoris having never seen flights of popo- 
kateas and tataekos followed by saddlebacks passing in succession through 
the forests, I have since Mr. Percy Smith informed me endeavoured to 
elicit from the older Maoris any information respecting their comparative 
numbers, vrhether of more frequent occuiTcnco in certain seasons, and the 
class or natee of the forest where the associated troops of birds were gene- 
rally met with. 

The New Zealand forests vary much in the association of species of 
plants according to the chemical constitution of the soils, situations, and 
altitudes on which they occiu‘. 

My chief object, therefore, in endeavouring to obtain information from 
the older Maoris has been to ascertain, if possible, whether particular areas 
of forest were more frequented by the popokateas and saddlebacks (tieke 
of the Maori), and, if so, to endeavour also to ascertain the cause. The 
prehistoric Maori was an accurate observer of natural causes, particularly 
those afiecting his own food-supplies. Replying to my inquiries. Tutu 
Hihi, a Native of Parihaka. informed me that he had heard his old father 
speak of the difficulty of procuring kakas, tuis, and kukus (pigeons) in some 
seasons eighty to ninety years ago, owing to the partial or total failure of 
their natural foods extending over large areas of forest, and that in such 
seasons they — the people of his tribe — ^had to make long excursions to 
certain more fruitful areas of forest to procure these birds for preserving 
for winter use. Excepting in the Urew'era country, where the old Native 
methods of bird snaring and trapping are still practised, the old experienced 
Native bird snarers and trappers of other tribes now living near or within 
the areas of European or pakeha settlements have all passed away, which, 
indeed, makes it almost impossible to obtain reliable information on the 
habits of a species of bird that has become so rapidly extinct since their 
time and day. 

Whilst engaged compiling these notes I wTote to Mr. Percy Smith, in- 
quiring if thei'e were any localities or particular class of forest where the 
associated birds frequented more than others in the North Island. Having 
had exceptional opportunities of observing the native birds in the bush in 
almost every part of the North Island for nearly sixty years, Mr. Smith’s 
reply, here given, should prove of much interest and value : In the early 
days here in Taranaki — that is, from fifty to sixty years ago — when I was 
constantly in the mitouched forests then lying behind New Plymouth, 
often for months at a time, the bird-life was a very prominent featm’e, and 
the popokatea one of the commonest birds of all. They used to frequent 
all the patches of forest in the gullies about the town, also of which at that 
time there were many. The birds were never seen singly, but always in 
flocks of about thirty to forty, hopping about from branch to branch, with 
their little musical twitter. They were invariably accompanied by a pair 
of saddlebacks, or tieM (or tiaki), who seemed to act as guardians of the 
flock, giving the alarm, when any one approached, with their sharp notes. 
The word tialci in Maori means a guardian,” and this, no doubt, was the 
origin of the name. I spent several years at Kaipara, north of Auckland, 
in 1869-64, and in the forests there the popokatea was noticed quite as 
numerous as in TaranaK, always with the accompanying tieki. The last 
I saw of the popokatea was two years ago, when a flock of about half a 
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dozen, accompanied by two fantails, passed through the native bush in 
my garden. I was surprised and pleased to see them, for I had not noticed 
them for many years previously. I have seen them all over the North 
Island, but never of late years. Alas ! I fear we may quote the old Maori 
proverb in reference 'to them: Kua ngaro i te mjaro o te man (They are 
lost, like the disappearance of the moa).” 

It will be noted that Mr. Percy Smith explains the presence of the 
saddleback with the whiteheads as guardians to the flock. WTien closely 
observing the saddlebacks following the large troop of yellowheads in the 
Westland forest twenty-two years ago I noted that the former fed eagerly 
in the trail of the latter in passing slowly on their course. When after- 
wards describing their associated movements’^ I raised the theory that 
the chief object of the tieke in following the yellovrheads through the bush 
was to feed on the larger insects which the latter disturbed and rejected. 
Apart from the economic importance or other\visc of the remarkable asso- 
ciation of these two species, it was to me a magnificent and charming 
pageant of birds. The last large flight of tataekos, or yellow'heads, I 
observed occurred in March, 1905, in the native beech forest at Sylvan 
Lake, on the Dart Kiver, flowing into Lake Wakatipu, in Central Otago. 
Though beautiful their plumage and musical their concerted ringing notes, 
their charming associates of former days — ^the tiekes — wore absent. 

The disappearance or migratory movements from certain districts of 
some species of native birds, and their return to those districts after years 
of absence, is due to the fluctuations of supply of their natural and neces- 
sary food. The three last mild and fruitful seasons of the native flora 
have been and are highly favourable to the well-being of the native birds. 
Many species have bred successfully and multiplied in the larger forest- 
areas in Taranaki. A continuance of such seasons, which are almost in- 
variably followed by others less fruitful or impoverished, is, no doubt, the 
cause of the migratory changes of the native birds from districts far apart 
from each other. 

But apart from these phases of the saddleback’s history, it is of great 
interest to note that, notwithstanding the long lapse of time since the 
separation of the North and South Islands, during the Pliocene period, the 
method or habit of the saddleback in following the yellowheads in the 
South Island forests should likewise continue with its white-headed con- 
gener in those of the North Island. Though these two forms are now given 
specific rank, it is probable that the yellowhead has evolved its slightly 
larger form and yellow coloration in a greater degree in the South Island 
than the whitehead has developed its typical white coloration in the North 
Island. That both species have been evolved from the same form or stock 
having much plainer colours there could be no doubt. But, whilst these 
two beautiful species of native birds have evolved their divergent typical 
coloration, the saddleback has apparently undergone no material change 
in its form and typical colours in either Island during their long separation. 

In the supplementary edition of the " History of the Birds of New 
Zealand ” Sir Walter Buller states that the saddleback is now extinct in 
the North Island. For several years the like was also said of the white- 
head. When travelling over nearly the whole of the North Island a few 
years ago I made numerous inquiries from the Natives wherever I went 


* “ Birds of Lake Brunner District ” (Trans. N.Z. vol. 21, p. 203, 1889). 
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respecting the native birds, and ascertained that the vliitchoad was 
numerous on the forest-clad ranges whence rise the tributaries of the Motu 
River, flowing into the Bay of Plenty. During the last two years I have 
also learned of its occurrence in several other localities, which should remain 
tapued against avaricious and merciless <‘o]lectors. In former years the 
Maoris were great lovers of tamed and caged l)irds, l)ut only once, aftei 
numerous inquiries, have I been able to learn of a caged saddleliack having 
been kept in a Native kainga or village. The older Maoris of the present 
time also assert that the ticke, or saddleback, was a very difficult bird to 
snare. 

The rapid extinction of this beautiful species of native starling is to me 
more remarkable than those extinct and expiring species belonging to th(‘ 
New Zealand avifauna. Being strictly a forest-dwelUng bird, subsisting on a 
variety of larvae and insects occurring only in the forest, it was apparently 
naturally unfitted to change its habits to search for and sul>sist on other 
varieties of larvae and insects procurable in the open country. Since 
improved methods of tillage were introduced by the Taranaki settlers, as 
in other provinces, several species of native cockchafer beetles [Odoniria) 
have increased, as elsewhere in New Zealand, at an unprecedented rate. 
As the larvae increase in size, and the grass they attack withers, they 
attract flights of the introduced English starling and the Indian or Eastern 
minah {Acridotheres tmtis)> With the abundance of laiwal food on the 
rich grass lands in the extensive dairying country of Taranaki the starling 
has increased in such vast numbers as to materially afiect the numbers and 
well-being of the minah. The starlings repair every evening, in flights of 
several thousands in each, to Moturoa Island, a rugged precipitous rock 
in the sea nearly a mile from the shore, situated about two miles south of 
New Plymouth. 

In the South Island the starlings roost during the night on Eucalyptus, 
or Australian gum-trees, and in fissures of limestone rocks in many districts. 
I observe that the minahs prefer to remain closer to the great forest bolt or 
national forest reserve, an area of native forest six miles broad extending all 
around the base of the extinct volcanic cone of Mount Egmont, in Taranaki. 
Thus we note that, whilst these introduced species flourish on the abundant 
and excellent food procurable in the open country, the native tieke, or 
saddleback, seems to be naturally unfitted to do so, with the inevitable 
result that the beautiful species has become or is rapidly becoming extinct. 

As with other vanished and vanishing species of New Zealand’s unique 
native birds, so with the tieke. All we can possibly do is to faithfully 
record aU facts relating to their habits which have been and are procurabh^ 
in our tie. 
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Art. XX 11. — Some Hvtherto-unncorded Plant-habdats (VI). 

By L. Cockayne, Pb.D., F.L.S. 

\Rmd befo)e ifie Philosophical Institute of Caniethmy, 7th Decembet^ 1910,] 

A NUMBER of the following records arc from Westland, the flora of which 
district is piobahly less known than that of any other part of the New 
Zealand biological region. A number of quite common species are noted 
from Mount Greenland, as it seems well to give some idea of the florula of 
a comparatively low mountain (904 in.) situated only a few miles from the 
coast. It is clad with dense forest, except near the flattish summit, where 
there is a small patch of grass land and scattered shrubs. 

To Mcbsis. Johannes C. Andersen, H. Hamilton, D. L. Poppelwell, W. 
Willcox, and W. Wilson I tender my hearty thanks for many specimens, 
some of which are recorded below. 

Abrotanella linearis Bergg. 

South Island : Westland— Mount (Treenland, near summit, in boggy 
ground. L. 0. 

Apium prostratum La bill. 

South Island : Nelson — Near Westport, in salt meadow. L. C. 
Ascarina ludda Hook. t. 

South Island . Westland— An extremely common member of the low- 
land taxad forobt of noii:hern and central Westland, ascending probably to 
about 180 in. L. 

Carmichaelia giandiflora Hook. f. 

South Ibland . Westland — C’ommon on lowland river-beds, and attaining 
a great size. [j. ( . 

Carpha alpma IL Hr. 

South Island * WostUnd Mount (Lcenlarid, in boggy ground near the 
summit. L. 0. 

Ceimisia Armstrongii Betrn*. 

South Island : W(‘atland Mount Willberg, subalpine. P. Heude ! 
Ceimisia coriacea (Foist, f.) Hook. f. 

South Island: Westland - Styx Saddle, at 760 m. and upwards. H. 
Hamilton. 

Ceimisia incana Hook. f. var. petiolata T. Kirk. 

vSouth Island • Westland — Mount Greenland, near summit. L. 0. 

I think it would be blotter to unite this widely spread form with (?. 
tohr^ or to constitute it a species, restricting C, incana to the series of 
forms l^'ith lax, soft, snow-white tomeutum on both sides of the leaf. 

Ceimisia iongifolia Cass. var. alpina T. Kirk. 

South Island : Westland — Mount Greenland, in boggy ground near the 
summit. L. C. 
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Coprosma rigida Cheeseiii. 

South Island : (1) Nelson — Common in swampy forest in vicinity of 
Westport ; L. C. (2) Westland — Common in similar sitiuitions ; L. C. 

Coprosma Banksii Petrie* 

South Island : Westland — Mount fTreenland, in sul)alpine s( j'ul). L. C. 
Coprosma Colensoi Hook. f. 

South Island : Westland — Momit (jfreenland, in subalpiiio m-viih, L. C. 
Coprosma cuneata Hook. t. 

South Island : Westland — Momit Gieeiiland, in subalpine scrub. L. C. 
Coprosma rugosa Cheesein. 

South Island : Westland — Common on lowland river-bed. L. C. 

Cordyline indivisa (Forst. f.) Steud. 

South Island : Westland— Momit Greenland. L. C. 

This is probably the so-called nikati-palm of the distri(*t. 

Cyathea Cunninghamii Hook. t. 

South Island : Westland — Hende’s Ferry, in shady gullies at base of 
the Willberg Eange. L. C. 

Cyathea medullaris (Forst. t.) Sw. 

South Island : Westland— Neighbom*hood of Honde’s Ferry. P. Hende ! 
According to the late Mr. J. G. Roberts, it occurred only on sea-coast 
slopes from Pakorari to Teremakau, and from Paringa to the Cascade River 
('* Forestry in New Zealand,” p. 57, 1909). 

Dacrydium Bidwillii Hook. 1. 

South Island : Nelson — Momit Rochfort. L. C, 

Dacrydium biforme (Hook.) Pilger. 

South Island : Westland — Mount Greenland, in tlie subaljiine s<'rub. 
Xi. C. 

Dacrydium laxifolium Hook. f. 

South Island : Nelson — Moimt Rochfort, L. C. 

Discaria toumatou Raoul. 

South Island : Westland — Wataroa. W. AVilson, 

Mr. Wilson, District Surveyor, informs me that he has observed this 
species in only the oiie locality in Westland, and that he is of opinion it has 
been introduced from Canterbury by travelling stock. Roberts (he. ciL. 
p. 57) states that the shrub has been fomid in only one or two places in 
Westland, and always as an isolated plant, but never in mass. 

Dodonaea viscosa Jacq. 

South Island; Westland— North of Greymouth, on gravelly beach. 
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Donatia novae-zelandiae Hook. i. 

fcJoiitli Island : Westland — Mount Greenland, in boggy ground near 
summit. L. C. 

Dracophyllum Traversii Hook. i. 

Moutli Island : Westland — Mount Greenland, in subalpine scrub. L. 0. 
Although not many actual records are available, this tree appeals to be 
very common in the subalpiiie belt of Westland, while at the Franz rlosef 
Glacier it descends to less than 300 m. 

Drosera arcturi Hook. 

8outh Island : Westland — Mount <4reenland, in boggy ground near the 
^summit. L. C. 

Drosera spathulata Ijabill. 

South Island : Westland — Mount (Treenland, in bou near the siimnut. 
L. C. 

Elaeocarpus Hookeriaiius Raoul. 

South Island : Westland — From lowland to siibalpine belts, where it 
is common on Mount Greenland. L. 0. 

E\ddently not a (ommou tree in Westland, as it is not mentioned in 
Roberts’s paper. 

Exocarpus Bidwillii Hook. t. 

South Island: GanterbuiT — Puketeraki Mountains, at about 600 m. 

L. C. 

Freycinetia Banksii A. Cunn. 

South Island : AVestland — Couimou as bane of the lowland forest, and 
as creeping plant on rocks near high water. L. 

Gahnia procera Forst. 

South Island : Westland — Mount Greenland, in iippei forest and sub- 
alpine scrub, L. C. 

Gaimardia ciliata Hook. i. 

South Island : Westland— Moxint (b*eenland, in bog near summit* 
L.C. 

Gaultheria perplexa T, Kirk. 

South Island : (i) Nelson — Reefton ; L. (’. (2) Otago — Dunedin, open 
ground on Signal Hill ; L, C. 

Griselinia lucida Forst. 1. 

South Island : Westland — Epiphytic* on various trees in the low forest 
close to sea between Greymouth and Kumara. L, C. 

Hoheria sexstylosa Colenso. 

South Island : Nelson — Vicinity of Westport. L. C. 

This is probably HoJieria populnea A. Gunn. var. angustifolm Hook. f. 
of Townson’s list of Westport plants (Trans. N.Z. Inst., vol. 39, p. 406, 
1907). It extends southwaids to Greymouth, but I have not noted it 
south of the Teremakau Valley in Westland. 
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Lycopodium varium R. Br. 

South Island : Nelson — Charleston, near sea. L. C. 

Mariscus ustulatus (A. Rich.) C. B. Clarke. 

South Island : Westland — Gravelly l)each between (;^reymouth and 
Kumara. L. C. 

Melicytus lanceolatus Hook. f. 

South Island : Canterbury — Mount Peel, in forest. L. V. 

Metfosideros Colensoi Hook. f. 

vSouth Island : Nelson — Between Westport and Charleston. L. C. 

Metfosideros florida (Forst. f.) Sm. 

South Island : Westland — Lowland forest ; common as far south ns 
the Waiho River, and perhaps further. L. C. 

Myosotis Goyeni Petrie. 

South Island : Otago — Queenstown, on rocks near the cemetery. 
Willcox ! 

Nothofagus apiculata (Colenso) Cockayne comb. nov. = Fagus apiculafa 
Col. in Trans. N.Z. Inst., vol. id, p. 336, 1884. 

South Island : Marlborough — Moxint Fyjffe, Seaward Kaikoura Moun- 
tains, 150 m. altitude, growing in company with N, fusca. W. M. GoodaU ! 

The specimens were not in flower, but they correspond to the descrip- 
tion in Cheeseman’s Flora, except that the leaves generally are less than 
I in., and the pubescence on the branchlets is very scanty. 

Nothofagus Blairii (T. Kirk) Cockayne comb. nov. *= Fagus Blairii T. 
Kirk in Trans. N.Z. Inst., vol, 17, p. 297, 1885. 

South Island : Marlborough — Mount Fyfle, Seaward Kaikoura Moun- 
tains, about 150 m. altitude. W. M. GoodaU I 

The specimens bore a few damaged male flowei*s. As far as I could 
make out, they are in pairs upon a short common peduncle, the perianth is 
4-toothed, and the stamens vary from 8 to 14 ; but the material was insuffi- 
cient for an accurate description. 

Nothofagus cliffortioides (Hook, f.) Oerst. 

South Island : Nelson — Charleston, close to sea, where exposed to full 
force of wind. L. C. 

Nothofagus Menziesii (Hook, f.) Ocrst- 

South Island : Westland — Near River Paringa. \V. Wilson ! 
Nothopanax anomalum (Hook.) Seem. 

South Island : Nelson — Butler Gorge and neighbourhood. L, i\ 

Olearia Colensoi Hook. f. 

South Island : Westland — Mount Greenland, in subalpine scrub. L. C. 
Olearia ilicifolia Hook. f. 

South Island : Westland — Lowland river-beds ; common. L. C’. 
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Oleana lacunosa Hook. t. 

South Tsl<incl : \A>stl<ind — Mount (Troeiiland, in subalpiiic scrub ; not 
abundant. L. C. 

Olearia lineata (T. Kirk) Cockayne sp. nov. = 0. virgata Hook. f. var. 
Jineata T. Kirk in The Students’ Flora of New Zealand,” p. 276, 
1899. 

S(»uth Island : W'estland — N<*ar Hivcu* Wanganui. W. Wilson ! 

Olearia mollis (T. Kirk) (^ockayne sp. nov. = 0. ilicijolia Hook. f. var. nwllis 
T. Kirk in ‘‘ The Students’ Flora of New Zealand,” p. 269, 1899. 
South Island : Westland — Head of Otira Gorge, in the low forest. L. C. 
If it be right to separate 0. ilicifolin and 0. macrodonta although their 
inflorescences and lieads are virtually identical — and in so doing there is 
the authority of Hooker. Kirk, and Cheeseman — ^then the varietj" mollis of 
0. ilicilolm may be equally considered a valid species. The difEerences 
between the two plants dtv snfhHently noted by Cheeseman (Manual, p. 286). 

Olearia moschata Hook. f. 

South Island : Westland — Balfour, Fox. and Karangarua Rivers, in 
subalpinc scrub. C. E. Douglas ! 

This is the " incense-plant” of Roberts {hr, cit., p. 58) and of various 
reports on survey of Westland. 

Oreobolus pectinatus Hook. f. 

South Island : Nelson — Charleston, near sea. L. C. 

Oreobolus strictus Berggr. 

South Island : Westland — Mount Greenland, in boggy ground near the 
summit, L. C. 

Ourisia glandulosa Hook. f. 

South Island : Otago — Ben Lomond, 1,500 m. altitud(‘. W. Willcox ! 

Ourisia macrophylla Hook. ? 

South Island : Nelson — Vicinity of Reeftoii. L. C. 

Pennantia corymbosa Forst. 

South Island ; Westland — One of the members of the low forest of low- 
land river-beds. L. C. 

The Westland settlers must surely have some local name for tliis tree, 
so conspicuous when in bloom ; but, at any rate, it is not known by its 
Maori name, kaikomako (see Roberts, he, cit,, p. 66). 

Pimelea longifolia Banks & Sol. 

South Island : Westland — Paparoa Range, near the Blackball Mine. 
W. Wilson ! 

This extends the recorded range a little further to the south. 

Pittosporum divaricatum Cockayne sp. nov. ined. 

South Island : Westland — Mount Greenland, in the subalpine scrub. 
L. C. 

This is the common South Island form, which I consider quite distinct 
from the type which growls in various parts of the Central Botanical Pro- 
vince. I hope to publish a description shortly. 
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Poa pusilla Berggr. 

South Island : Nelsou— Charleston, near the sea. L. C. 

Pseudopanax lineare (Hook, f.) C. Koch. 

South Island : Westland— Mount Greenland, in the subalpine scrub. 
L. C. 

Quintinia acutifolia T. Kirk. 

South Island : Westland— From sea-level to 00<) ui. altitude : a most 
characteristic forest-tree. L. C. 

Rubus parvus Buch. 

South Island : Westland— (1) Open ground near the Otira Railway- 
station ; L. C. (2) Styx Saddle ; subalpine ; H. Hamilton. 

Rubus schmideJioides A. Gunn. 

South Island: Kelson — Westport district ; abundant. L. C. 

Rubus schmidelioides A, Cuun, var. coloratus T. Kirk. 

South Island : Neison — Westport district. L. C. 

Senecio bellidioides Hook. f. 

South Island : Otago — Common near Gore, at altitude of 75 m. D. L. 
Poppelwell ! 

Cheeseman gives 2,000 ft. as the lowest altitudinal limit (Manual, p. 371). 
This is by no means typical, the bristles, which are considered a specific 
mark, being altogether wanting or extremely few in number. 

Senecio claeagnifolius Hook, f. 

South Island : Westland — (1) Mount Greenland, in the subalpine 
scrub ; L. C. (2) Common in scrub of lowland river-beds ; L. C. 

Triodia exigua T. Kirk. 

South Island: Canterbury — Waimakariri River bed, at less than 30 m. 
altitude. L. C. 

Urtica ferox Forst. f. 

South Island : Westland — Wataroa. J. G. Roberts. 

Veronica tetrasticha Hook. t. 

South Island : Canterbury — Mount Burnett, 1,650 m., on rock. 
Johannes 0, Andersen ! 
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Art. XXIII. — New Species of Plants, 

By T. F. CiiBBSEMAN, F.L.S., F.Z.S., Curator of the Auckland Museum. 

\Eead hejoto the Autklatid Iubtitnie, 22}id November^ 1910,1 

1. Lepidium tenuicaule T. Kirk var. minor Cheesem. n. var. 

Planta pumila, depressa ; caulibus brevissimis, 1-2^ cm. lo]ij:>is : ioliis 
iiumerosibus, omnibus radicalibus. 

Hal), — North Island : Titahi Bay, near Wellington ; B. C, Aston ! 

A curious little plant, differing from all the specimens of L, tenuicaule 
that I have seen in the much-reduced size, the stems never exceeding an 
inch in length. The whole plant is also much more thick and fleshy than 
is usual in the typical state. I have not seen ripe fruit, but the flowers 
appear to match those of the ordinary form. Mr. Aston is the first to dis- 
cover the species in the North Island. 

2. Chordospaxtium Cheesem. gen. nov. 

Arbor vel frutex parva, aphylla ; ramis jmiceis pendulis, squamulis ad 
nodos minimis. Flores purpurei, in racemos multifloros dispositi. Bracteae 
et bracteolae parvae. Calycis dentes breves, subaequales vel superiores 
minores. VexiUum orbiculatum, reflexum, in unguem brevem contractum ; 
alae dolabriforme-falcatae, liberae, vexillo breviores ; carina incurva, ob- 
tusa, vexillum subaequans. Stamen vexillare liberum, caetera in vaginam 
connata ; antherae uuiformes. Ovarium sessile, sericeum, 3-5-ovulatum ; 
stylus incurvus, apice inflexus, intus longitudinaliter barbatus ; stigmate 
minuto terminali, Legumen brevem, turgidum, rhombeo-ovoideum, in- 
curvum, indehiscens. Seniexi solitarium, cstrophiolatum ; radicula elongata, 
biplicata. 

Chordospartium Stevensoni Cheesem. species unica. 

A leafless shrub or small tree, sometimes attaining a height of 20 ft. or 
more, with a trunk 6-*8 in. in diameter. Branches long, slender, pendulous, 
terete or subcompressed, grooved ; branchlets in. diameter, glabrous, 
marked with distant nodes, each node with a minute scale. Leaves not 
seen. Racemes springing from the nodes of the branchlets, single or in 
fascicles of 2-5, J-1^ in. long, very many-flowered ; rhachis densely 
woolly ; pedicels very short ; bracts and bracteoles minute. Flowers J in. 
long, purple, with darker lines on the standard. Calyx densely woolly, cup- 
shaped, minutely 6-toothed. Standard orbicular, reflexed, narrow^ into 
a very short claw at the base. Wings dolabriform, falcate, obtuse, shorter 
than the keel. Keel incurved, obtuse, equalling the standard. Upper 
stamen free; the others comiate into a sheath. Ovary sessile, densely 
silky, linear-oblong, gradually naxTowed into the style ; ovules 3-^ ; style 
long, slender, incurved, longitudinally -bearded on the inner side above; 
stigma minute, terminal. Pod about J in. long, more or less silky, short, 
turgid, ovoid or orbicular-rhomboid, straight in front, rounded at the back. 
Seed solitary, transversely oblong ; radicle long, with a double flexure. 

Hah, — South Island : Foothills of the Seaward Kaikoura Mountains, 
near the mouth of the Clarence River; altitude, 1,500-2,600 ft. ; Mr, George 
Stevenson ! 
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A very remarkable plant, in some respects connecting the genera (^oralh- 
sfartium, Gamichaelia, and Notospartium. It agrees with the first in the 
short turgid subrhomboid 1-seeded pod, and in the grooved branchlots, but 
differs altogether in habit, in the slender branchlets, and in the markedly 
different iiSiorescence. From the section Huttonella of Carynichaeha it is 
separated by the same ch<iracters. It entirely corresponds with Noto- 
spartium in habit and inflorescence, and has probably been inistakcMi foi 
that genus in the absence of fruit, which at once distinguishes the tuo 
genera. 

Although I consider that the characteib of Chordos part non full} jiibtifv 
its erection into a separate genus, it must be confessed that the difloiencet> 
between it and CoralhspaHium are not of a very pronounced iyp(^ If, 
however, differences of habit, inflorescence, &c., are not considered sulficienl 
to separate Corallospnrtium and Cliordospartium, then, by parity of leason- 
ing, similar characters of no greater importance cannot bo used to distinguish 
both these groups from the section Huttonella of CarmichneUa, and the three 
genera must merge into one. Some botanists may prefer this cou^s(^ for i1 
is very much a matter of taste and personal idiosyncrasy wlliche^ or view 
is adopted. 

I have to express my obligations to Mr. Stevenson for his kindness in 
forwarding an ample supply of both flowering and fruiting specimens. 
Most of these were obtained from a tree growing near his house, whi<*h he 
describes as a beautiful specimen, with a stem bare of branches for about 
8 ft., above which “ it is a perfect weeping model all roiuid for quit<‘ 15 ft " 
[ts girth at about 2 ft. from the ground was 20 in. The flowering season 
stretches from the middle of November to the end of December, .ind tin* 
fruit is ripe at the beginning of April. I have also to thank Mr. T. Keir, 
of Eangiora, for placing me in communication with Mr. Stevenson, and 
for much valuable assistance in obtaining specimens and information. A 
drawing of the plant, with full analyses, will appear in the foi*th coming 
Illustrations of the New Zealand Flora.” 

3. Senecio Turneri Cheesem. sp. nov. 

Affinis ti, hti folio Banks et Solaiid., sed fohis raagnis ovato-cordatis 
distinctissima. 

Caulis robustus, 0*6-i-8 m. altus, inferno lignosus, prostratus vcl de(*uin- 
bens, nudus ; superne erectus, foliatus ; versus apicem ramosus. Folia 
altema, magna ; petioli 15-30 cm. loiiga, basi longe vaginantos ; lamimi 
10-18 cm. longa, 7-15 cm. diam., cordatu vel rotmidata-cordata, acuiti, 
membra nacea ; venis reticulatis ; marginibus sinuatis et spinuloso-serrati»H. 
Folia caulina minora, petiolis brevioribus, auriculis magnis. Bractetu^ 
numerosae. lanceolatae. Corymbi laxi, ramosi ; ramis gracilibus. Capi- 
tula uumerosa, 2-3 cm. diam. ; involucri squamae 1-seriales, lineares vel 
lanceolatae, glabrae vel parce pubescentes. Achenia matura non visa. 
Pappus mollis, copiosus, albus. 

Ilah, — North Island : On the faces of wet cliffs by the Upper W'anga- 
uui River, both above and below the junction of the Mangaio Stream , 
E. PhiUips Turner! 

A stout glabrous herb 2-6 ft. high. Stem as thick as the finger, woodv, 
prostrate or decumbent and usually naked at the base, leafy above, sparingly 
branched at the top only. Leaves alternate, large, spreading, bright green ; 
petiole 6-12 in. long, winged at the base and broadly amplexicaul, smooth 
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and terete above ; blade 4r-7 in, long by 3-6 in. across, cordate to orbi- 
cular-cordate, deeply lobed at the base, acute at the tip, thin and mem- 
branous, veins reticulate, margins sinuate and finely spinuloso-serratc. 
Cauline leaves smaller, on shorter petioles, with large leafy auricles and 
smaller narrower blades, gradually passing into lanceolate or linear entire 
bracts. Corymbs large and broad, much branched , branches slender. 
Heads very numerous, l-i] in. diameter, bright yellow; involucral bracts 
in a single series, linear or oblong-linear, acuic, glabrous or finely pubescent. 
Ray-florets iO-15 : ligulo narrow, spreading ; disc-florets 25-35. Rip<' 
achenes not seen. Pappus soft, copious, white. 

One of the most distinct species added to the New Zealand flora of late 
A'ears. Althougli allied to S, hti joints,, it differs widely in habit, in the 
Urge cordate leaves, which are never lobulate or pinnatifid, but have their 
margins finely spinulose-serratc, in the long terete petioles, and in the 
larger flower-heads. I liave much pleasure in dedicating it to its zealous 
discoverer, who has done excellent botanical work in the interior of the 
North Island of late years. 

Mr, Turner remarks, As far as at present noti(*ed, the plant is restricted 
to the moutli of the Mangaio Oorge and the steep papa cliffs of the Wanganui 
River above and near the junction, but I have found only one place ar 
which it can be conveniently reached. It is associated with Ourisia macro- 
phylla, Senecio latilolius, Elatostemma rugosum, and Lomaria capensis, and 
grows only where the cliffs are wet and shaded. From a little distance the 
large bright-green leaves give the plant somewhat the appearance of the 
arum lily.” 

4. Thelymitra Matthewsii Clieesem. sp. nov. 

T, variegcUa Lindl. alflnis, sed caule mullo breviore, Jloribus singularibuc, 
gynostemio non cristato. 

Caulis gracilis, flexuosus, 9-14 cm, iongus. Folium solitarium, 3-6 cm. 
longum, spiraliter coiitortum, liiieare, basi ampliato. Bracteae 2, Fl<‘s 
5)Olitarius, ratione plantae magnus, 1-2 cm. diametro. Perianthium sub 
rogulare, patens, !^epala et petala similia, lanceolata vel ovato-lanceolata, 
acuta vel acuminata. Gynostemium breve, bialatum, aliis magnis, crassis, 
clavatis, obtusis, apice non fimhriatis aut lobatis. 

Ilab, — Noith Island : Mangonui County, low hills between Lako 
Tongongo and the coast ; JR, II, Matthews ! 

Stem slender, wiry, tiexuose, 4-6 in. high. Leaf solitary, sheathing 
the stem at the base, the sheath finely and closely puberulous ; lamina 
1 in, long, much expanded at the base, and then suddenly narrowed 
into a linear blade, which is usually spirally twisted so as to coil round the 
stem ; margins involute. Bracts 2, the lower one below the middle of th<‘ 
stem, the upper almost close to the flower, both broad and sheathing. 
Flower solitary, largo for the size of the plant, J-|in. diameter. Perianth - 
^cgments alike, lanceolate or oblong-lanceolate, acute or shortly acuminate, 
dark purplish-blue with darker longitudinal veins. Column much shorter 
than the perianth-segments, not produced at the back behind the anther, 
but furnished with two large lateral lobes which equal the anther in height, 
and which are oblong or oblong-falcate, obtuse, somewhat flattened but 
thick and fleshy, not lobed nor furnished with cilia. Occasionally then' 
are evidences of a slight crest connecting the lateral lobes at the base. 
Anther very large, oblong, obtuse. Base of the column purplish ; lateral 
lobes and anther bright yellow. 
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A charming little plant, worthily dedicated to its discoverer, who has 
added more to our knowledge of the New Zealand orchids than any other 
observer of late years. It is closely allied to the Western Australian T, varie- 
gata Lindl., principally difiering in the much smaller size, in the solitaiT 
flowers, and in the column-wing scarcely crested on the back behind the 
anther. Mr. Matthews informs me that the remarkable spiral twist or 
coil in the leaves is constant in all the specimens he has seen. This pecu- 
liarity is also more or less obseiwable in T. variegata. 


Art. XXIV . — Contributions to a FijtMer Knowledge of the Flora of New 

Zealand: No, 4, 

By T. F. Cheeseman, F.L.S., F.Z.S., Curator of the Auckland Museum. 
[Bead before the Auckland Institute, 22nd November, 1910.1 

I. Ranunculaceae. 

Clematis parviflora A. Cunn. 

Common among scrub on the outskirts of the forest, Little Barrier 
Island ; Miss Shakesfear I T, F, G. 

Clematis marata Armstr. 

Vicinity of Wanganui ; A, Allison / 

Ranunculus geraniifolius Hook. f. 

Western slopes of Tongariro ; altitude, 5,500 ft. ; rare ; T, F, C, In 
peaty soil on the summit of Mount Hauhuugatahi ; altitude, 4,500 ft. ; 
Rev, F, R, Spencer ! 

Caltha novae-zealandiae Hook, f. 

I am indebted to Mr, F, G, Gibbs for specimens of this in which the 
leaves are almost devoid of the reflexed lobules so conspicuous in the 
ordinary state of the species. 

III. Cruoipbrab. 

Cafdamine bilobata T. Kirk, 

Sheltered places in the Hooker Valley, Mount Cook district ; altitude, 
3,000 ft. ; rare ; T, F. 0, 

Cardamine and Nasturtium. 

In the Manual I have alluded to the fact that at least three of the New 
Zealand species previously referred to Cardamitie differ from that genus 
in the seeds being 2-seriate, the species in question being 0. fastigiata,. 
C, latesiUqua, and 0. Enysii, Schulz, in his monograph of Cardamine 
(En^. Jahr., 32) excludes all three from the genus, but does not make any 
other disposition of them. He also removes C, stylosa^ in this instance 
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leferriiig it to Nasturtium. Whether the above-meiitiojicd three speeicb 
should also be transferred to Nasturtium is not easy to decide, as there 
are differences in habit and in the shape and structure of the pod which 
appear to be of considerable importance. Possibly they should form a 
separate genus, in which case the Australian C. radicata should be associated 
with them. A step of that kind, however, uivolves an examination of the 
characters of most of the genera constituting the tribe Arabidae, and is 
preferably left in the hands of some systematist who is able to consult th(‘ 
great herbaria and libraries of Europe. In the meantime it appears best to 
place the species with C. stylosa in Nasturtium. They will then stand as 
under : — 

1. Nasturtium stylosum 0. E. Schulz in Engl Jahr., 32 (1903), p. 596 ; 
Cardainiue stylosa D. 0. 

2. NastuHium fastigiatum Cheesem. ; Cardamine lastigiata Hook, f., 
Haiidb. N.Z. FL. p. 13. 

3. Nasturtium latesiliqua Cheesem. : (Uirdamvie latesiliqua Cheesem. in 
Trans. N.Z. Inst., vol. 15 (1883), p. 298. 

4. Nasturtium Enysii Cheesem.; Cardamiyic Enysii Ciieesem. ex T. Khk, 
Students’ FL, p. 28. 

Lepidium tenuicaule T. Kirk. 

A dwarf form of this plant, which I have elsewhere described mider tht‘ 
name of variety minor, has been collected by Mr. B. C. Aston at Titahi Bay. 
near AVellington. This is the first record for the species in the North Island. 

IV. Vl0LA('KAB. 

Melicytus micranthus Hook. t. 

In the Manual 1 have given the Bay of Islands as the northern limit of 
this species ; but both Mr. Carse and Mr. B. U. Matthms inform me that 
it occum in several localities near Kaitaia, in Mangonui County. 

V. PlTTOSPORAl’EAE. 

Pittosporum tenuifolium Banks & Poland. 

Variegated forms of this species and of P. euifeumdes A. Ciuin. aie now 
frequently seen in cultivation. 

Vll. PORTULAC’KAK. 

Hectorella caespitosa Hook. 1. 

Mount Ollhder, Mount Wakefield, Mount Kinsey, and other peaks in 
the Mount Cook district, ascending to 6,500 ft. ; T. F. C. 

X. Malvaceae. 

Hoheria populnea A. Cunn. var. angustifolia Hook, f. 

Not uncommon on river-flats in the Turakina Valley : F. B. Field ! 

XXII. Legumikosae. 

Corallospartium crassicaule Armstr. 

Mr. A. W. Boberts, of Ranfurly, Otago, sends me a yellow-flowered 
variety. The ordinar}*- colour, to which I have never previously seen any 
exception, is a pale cream. Both Mr. Boberts, and Mr. McIntyre, of 
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Duuediu assuie me that the pod is always indehiscent, the face of the 
valves slowly decaviui? after the fall of the pod. T find that it is occa- 
sional! v 2-soeded. 

XXIV. Saxipraoac’Kae. 

Donalia novae-zealandiae Hook. f. 

Donatia has been transferred to the Stulidianat by Millnacd in his 
recently published monograph of the lamily (Engler's “ IMianzenreich/' 
heft 35). In this he has followed the late Jhiron Mueller, who suggested 
the change as far liack as 1879. No doubt the genus agrees with the 
Stylidinceae in the stamens being placed in the centre of an epigynous disc, 
in the extrorse anthers, and in the placentation ; and the habit is veiy 
similar to that of Phyllacline, But it differs markedly in the free petals, 
and in the stamens not being united with the style into a “ column.” We 
may expect that systematists will not readily agree as to the position of 
the genus. 

XXVII. Halohagai’Eab. 

Myriophyllum pedunculatum Hook. f. 

In great abundance by the margins of shallo\^ ponds among the sand- 
dunes on the west coast near tielensville, Kaipara. I suppose thar it is 
referable to the form which Schindler has distinguished as a separate species 
under the name of M. Votschii Pflanzemeich,” heft 23, p. 85). but the 
differences appear to me to be very trhfial. 

XXVIII. Myktac’Bae. 

Metrosideros robusta A. Cunn. 

Not uncomiuon at West Waiigaiiui, to the south of Cape Farewell : 
!I J. Mutiheics * 

Metrosideros scandens Soland. 

Dry ridges in lowland forests near Greymouth, Westland ; not iin- 
( omnioii ; P. ir. Morgan ! The most southern locality from whence I have 
seen spe 'imonR, 

XXXIIl. Umbbluperae. 

Aciphylla Dieffenbachii T. Kirk. 

1 have to thank Mr. P. A, J), CW, the veteran botanical explorer of 
the C’hatham Islands, for excellent specimens in fruit and a few in flower 
of this remarkable plant. It is now exceedingly rare, having been destroyed 
by sheep in most localities to which they have access, but it still lingers on 
the faces of a few rocky cliffs near Te Tuku, on Mr. Bligh’s sheep-station.. 
In this locality it was also seen by Caftain Dorrien-Smiih during his recent 
\usit to the Chatham Islands. 

In the “ Students’ Flora ” Mr. T. Kirk hinted at the probability of the 
plant constituting a separate genus, and I expressed the same opinion 
in the Manual. Not only does it differ from AciphyUi in the flaccid 
liabit and large oblong much-compressed fruit, but a section of the fruit 
shows that the vittae are of enormous size, quite unlike anything to be 
seen in Ligusiicum^ Aciphylla, or Angelica, In the forthcoming Illustra- 
tions of the New Zealand Flora ” it will accordingly be figured as the type 
of a new genus, to which the name Coxella will be appli^. I have much 
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pleafeiuo 111 absociatm^ the plant with the name ol Mr. Cox, who for veiy 
many yeais has supplied New Zealand botanists witli copious suites of tbe 
endemic planis ol the Chatham Ishinds, oftem at considerable trouble to 
himsell. 

Angelica Gmgidium Hook. 1. 

Limestone loiks by the Rakanui River, Lvawhia . IL Phillips Turner / 
Not prt'X'iousb recorded Irom any station to the north oi the Ttiupo country. 

XXXYII. Rubiaceae. 

Nertera Cunninghamii Hook. f. 

Wangapeka Valley, Nelson , F. 6r. <Tibh$ ! 

XXXVllL COAIPOSITAE. 

Brachycome Thomsoni T. Kirk var. membranifolia. 

Cobb Valley, north-west Nelson ; F, G. Gibbs ' A slight northwards 
extension ol the ranac of this voriable plant. 

Olearia virgata Hook, f. 

Attains its northern limit in the Oliineinuri Valley, Thames, between 
Karangahake »md Waitokauri , T, F, C, 

Cotula pectinata Hook. f. 

Mount Olhvier and othei mountains in the Mount (^ook district, 
5.000-6, 5(K) ft : T. F. (\ 


XLl. Campanulaceab, 

Pratia perpusilla Hook, h 

Outlet of the Waikato River, Lake Taupo : T, F. Low grounds in 
the Thames Valley, near Te Aroha ; P. U, Allen I 

XLV. MraSJNACEAE. 

Myrsine divaricata A. Cunu. 

Jfr. F, G, Gibbs forwards specimens of this species, from some locality 
in the Nelson Provincial District, in which the leaves are coarsely and 
irregularly toothed or almost lobed. 

XLVI. .Sapotac’kak. 

Sideroxylon costatum F. Muell. 

This appears to be a very local plant on the west coast of the North 
Island. So far as my own observations go, it is found in only two localities 
— ^the first in the vicinity of Maunganui Bluff (between Hokianga and 
Kaipara) ; the second on the coast-line north of the Manukau Harbour, 
when it occurs in scattered localities along a stretch of eight or ten miles of 
coastal cliffs. On the eastern side of the Island it U much more generally 
distributed, although nowhere abundant. 

The late Baron Mueller separated the New Zealand plant fcom that 
found ‘in Norfolk Island, gi^dng it the name of Achras novo-zealand4ca 
(Pragm. Phyt. Austral., vok 9, p. 72). In this he was probably right, as has 
been pointed out by Mr. Hemsley (“ Kew Bulletin,” 1908, p. 459^). Under 
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tliis view the iifime to l>c adopted for oui* plant will be Sidcroxifhm naro- 
zejandicum Hemsl. 

XLVIL Olea(‘eae. 

Olea montana Hook. f. 

Mauiigatauiwha Ranges and vicinity of Ftdrburn (Mangonui County) ; 
11, Cftrse : the most northern locality yet recorded. Vicinity of C^ipe Brett 
Lighthouse : JR, 11. Shales pear ! 

LI. BORA.OTrXA(’EAK. 

Myosotis angustata Cheese m. 

Mount Lockett, north-west Nelson ; F, G, Gibbs ! Moraines in tin 
Hooker Valiev. Mount Cook district : altitude, 4,(X)()ft. , T. F, 

LIV. J::)CROPHrLAJRTAC^EAE. 

Calceolaria repens Hook. f. 

Makatote Gorge and other ravines on the volcanic plateau of tlie North 
Island, alonu the course of the Main Trunk Railway ; T, F. ( \ 

Veronica gracillima Cheesenu 

8ea-eliffs a little to the north of Gisborne ; W, Towmon I This is tlit 
hist record of the oecuiTence of this species in the North Island. 

Veronica rupicola Cheeseiu. 

Hell’s Gates, near Kaikoura : //. J. Matthews I Most of the Specimens 
liiive simple racemes, thus departing from the typical state of the species, 
in which the racemes are nearly always trichotomous. 

Ourisia sessilifolia Hook, t 

An abundant plant on most of the momitains in the Mount Cook 
district, forming large patches on the sides of moist sheltered hollows, 
4,5(X)-6,500 ft. altitude ; T. F, C. 

LVllI. Verbbnaceae. 

Teucridium parvifolium Hook. 1. 

On the outskirts of patches of swampy forest by the Thames River, 
To Aroha : T, F, C, J mention this locality because drainage operations 
.ind the destruction of the forest is fast destroying the plant. 

LXXIL LorJLXTHACBAE. 

Korthalsella salicornioides Van Tiegh. 

Although this stretches through almost the whole length of both tlie 
North and South Islands, it is everywhere local and rarely occurs in any 
great quantity. The foUm-ving are the habitats known to me : — 

I. North Island : Vicinity of Kaitaia (Mangonui County) ; JR. H. 
Matthews I Kerikeri Falls, Bay of Islands (the locality where it was first 
discovered); 2?. Cunnhighamy TF. Colemo / Hooker , and many others. Open 
Lepfospermum country between the Kerikeri River and Waitangi ; T, F. C\ 
Whaugarei; T, Kirk. Little Barrier Island; JMiss Shdkespearf T. F. C. 
Judge’s Bay, near Auckland ; and by the Manukau Harbour, in the vicinity 
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ol the South Whau Blockhouse ; now almost extin(*t in both localities ; 
T. F, G. Near Tararu, Thames ; W. Hammond ! Near Tairua, J. Adams I 
Rotorua; T, Kirh/ T. F, 0. Taupo Plains; T, Kid. Humangaroa 
River, near Martinborough ; Rev, F, R, Spencer ! AVaikanae ; Dr. Cacl'ajjne. 

11. South Island : Vicinity of Collingwood ; J. Dali I Banks Peninsula : 
J, B. Armstrong. Vicinity of Dunedin, at Anderson's Bay and Pelichet 
Bay ; D. Petrie ! 

LXXIV. Balanophorac'eak. 

Dactylanthus Taylori Hook. f. 

Pipiriki, on the Upper Wanganui River ; E. Phillips Turner, wlio 
in for ma me that he noticed several specimens growing on Geniastomn^ for 
which as a host I am not aware of any previous record. Kaitoke, near 
Wellington; J. S. Tennant and B. C. Aston!, parasitic on Piffospomm 
euqenioides. 

LXXVI. UmiOACEAE. 

Urtica ferox Forst. 

Abundant on rich alluvial soils by the Marikopa River, Kawhia County, 
and attaining a large size ; E. Phillips Turner. The most noitherl)’' station 
yet recorded on the west side of the North Island. 

LXXVII. CuPt^LIFERAE. 

Fagus fusca Hook. f. 

This is the only species of the genus that occms to the north of 
the Auckland isthmus, and its distribution therein is so local that it appears 
advisable to quote the known habitats, more especially as it is in danger 
of extinction in several of them. 

Near Kaitaia, Mangonui Coimty ; W. Colrnso, R, H. Matthews, H. Cnrse. 
1 am informed that only a few trees now remain in this locality. 
Whangarei ; once abundant in several stations, but fast being reduced in 
numbers ; W. Goknso, R. Mair, T. F. C. Little Omaha ; T. Kirk, T. F. C. 
Little Barrier Island ; abundant ; T. F. G. Kawau Island ; J. Buchanan, 
T. Kirk. AVaiheke Island ; T. Kirk, T. F. C. : once comparatively 
plentiful, now very scarce. Near Chelsea (Auckland Harbour) ; a few 
trees only ; T. F. G. 

LXXVIll. COXIPERAE. 

Podocarpus dacrydioides A. Rich. 

Mr. E. Phillips Turner, Inspector of Scenic Reseiwes, informs me that 
he has recently measured a kahikatea at Kakahi (a little to the south of 
Taumarunui) that proved to be 195 ft. in height. So far as I am aware, 
this is the tallest tree yet measured in the Dominion. A series of a(*curate 
measurements of the chief New Zealand timber-trees, giving both height 
and girth, is much to be desired. 

LXXIX. Orchidaceab, 

Spiranthes australis Lendl. 

• Near Kaitaia ; R. H. Matthews ! AVaipapakauri and Rangamiu Heads ; 
E. Carse. Sphagnum swamps at AA'^aihi, Ohinemuri County ; H. B. 
Devereu^/ 
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Thelymitra ixioides fcSwz. 

This has been gathered by Mr. J. II. Harvey at Taiinurere, Bay of 
Islands. 

Thelymitra decora Cheescni. 

Taumarore, Bav of Islands J. II. Harvey ’ Tirau, Upper Thames 
VaUey; T.F.C. 

Corysanthes Matthewsii Cheeseiu. 

Mossy slopes in shaded localities near Fan burn. Mango nui County , 
//. Cnrse ! Aponga, Whangarei County ; A. Thompson. 

LXXXIl. Liliackaf. 

Cordyline australis Hook. 1. 

A speeimeu measured by Mr. E. PkiUiys Tu)ne) at Tuiangaaiere wah 
15 ft. in eircurafereiieo at a height of lit. abo\e the ground. 

LXXXIV. Palma<‘e^k. 

Rhopalostylis sapida Wendl. k Drudo. 

Another iemark<ible instam^e of a branched nikau-palni has been brought 
under my notice by M). J. R. Lambert, of Towai, Bay of Islands. It was 
discovered by Mr. A. Inyster m the Ramanima Valiev, near To\v<u, and 
has uo less than seven well-developed branches. 

Mr. P. (r. M()r(fan, of the (Ecological Survey, h<ib supplied me with som(' 
interesting information respo(‘ring the present southern limit of the uikaii 
ill Westlaud. From particulars obtained from some of the oldest settlei*s 
it appears thal the most southerly station was near the New River, about 
eight miles south of Greymouth. In this localitv it has been destroyed by 
the spread of settlement, but it still exists, although in small quantity, at 
Nelson Creek, about four miles south of Greymoutb. North of the Grey 
River, Mr. Morgan states from his own observations that it is still fairly 
plentiful on both the eastern and western slopes of the Rapahoi or Twelve 
Apostles Range, which rims luirthwards from Greymouth to Point Elizabeth. 
In this locality it ascends to an elevation of from 7(X)ft. to 8(X)ft. North- 
wards of Point Elizabeth it is comparatively abimdaiit along and near the 
coast, and is m no immediate danger of disappearanr e through the spread 
of settlement and (‘iiltivatioii. 

XCJ. Oyperac’KAE, 

Mariscus ustulatus C. B. Clarke. 

VhisG informs me that this occuis in small quantity in Half-moon 
Bay, Stewart Islami. It is not mentioned in Dr. Cockayne^s list of the 
flora of the island. 

Undnia caespitosa Boott. 

Hilly forests near Kuitaia, Mangonui County; //. (^arseJ The most 
northeni locality yet recorded. 

XCn. Gramineae. 

Paspalum Digitaria Poir. 

ilfr. Carae informs me that this is spreading rapidly in the Fairburn- 
Kaitaia district. No doubt it is a comparatively recent immigrant. 
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XCITI. Kilkes. 

Hymenophyllum subtilissimum Knnze. 

Stretches as far north as the Maungataiiiwlia ami Kaitaia Ranges 
Mangonui County , //. Car.sv ' 

Trichomanes strictum Menz. 

Oil the margins of holes dug in extract lua kaiu‘i-guni in open tea-tree 
country near Mangatetc, Mangonui County , //. Varsel A yory remarkable 
locality, as the species is almost invariably a denizen of the deep forest. 
•Shaded mossy places near the summit of tlic Little Barrier Island. 
2,200-2A0<) ft. altitude ; T, F, C. 

Davallia novae-zealandiae Col. 

A’^icinity of Kaitaia, Mangonui (k)unt\ : JJ. Cane, Not ])ievioiisl\ 
known to the northwards of the Bay of Islands. 

Lomaria nigra C^ol. 

Dark ravines near Fairbuin, Mangonui (’oiuity. tind from thence to 
Hokianga : //. (UtfRo, k marked northwards extension of the range of 
this species. 

Asplenium Trichomanes Limi. 

Limestone rocks by the M<irikopii River, Kawhia Count} ; E. Phlkfs 
Turnei ! Not previously recorded to the northwards of Mount Egmont. 

Asplenium umbrosum J. Smith. 

Alluvial fiats between Fairbuin and Kaitaia, Mangonui County : 
II, Oarse, The most nort-hern locality yet lecorded. 

Polypodium dictyopteris Mett. (P. Cunninghamii Hook.). 

Mr. Phillips Turner has forwarded specimens of n (urious crested ionn 
obtained at "VVilton’s Bush, near WMlinaton. 

Psilotum triquetrum Hwartz. 

Karanga]»ake (’lifTs, Western Hay. Lake Tatipo , //. Ihlll A some- 
what unexpected locality, all the stations previously lecorded to the south 
of the Waikato Rivin* beina on soil heated hot springs. 


Naturalized Planis. 

Geranium Robertianum Lmn. 

Roadsides at Ruatangata, Whangarci ; T. F. (\ Slopes of Mount Eden, 
Auckland ; F. Neve/ 

Soliva sessilis Ruiz and Pa von. 

This has increased considerably of late years in light warm soils m the 
Auckland District, and has become a troublesome weed in some localities, 
particularly in certain market-gardens at Onehunga. 

Tolpis umbellata Bertob 

Sandy soil on the west coast near Helensville, Kaipara; apparently 
increasing ; T. F. 
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Lactuca muralis E. Mev. 

Waugapeka Valley, Nelsou ; F. G. Gibbs / The first record tor the 
species ill the Nelson Provincial District. 

Linaria Cymbalaria Mill. 

This has become exteubively naturalized on the lava-fields surrounding 
the base of Moimt Wellington, Auckland ; T. F. C\ 

Verbena bonariensis Linn. 

I am indebted to Mr. T. S. Crompton for specimens of this collected in 
the vicinity of New Plymouth. Mr. Crompton informs me that he has seen 
it ill several localities within a radius of six to eight miles from the town. 

Ottelia ovalifolia L. Eich. 

Since I first recorded the existence of this species in New Zealand (Trans. 
N.Z. Inst., vol. 31 (1898), p. 360) it has appeared in many of the stream^ 
and lakes of the Auckland Provincial District, stretching from the Auckland 
isthmus southwards to the Upper Waikato and Waipa. It has become 
specially abmidant in Lakes Waikare and Whangape, and in most of tht 
slow-running tributaries of the Waikato from Huntly to the mouth of 
the river. It is difficult to account for its rapid spread, except on the 
assumption that seeds or young plants have been conveyed by aquatic 
birds, for although its spread along the Waikato River may be due to floods 
transferring plants or seeds, that explanation will not suffice to accoimt foi 
the appearance of the plant in such isolated localities as Lake Takapuna, 
Chelsea, Hunua, Waitakarei River, &c. 

Apera spica-venti Beauv. 

Mr. Petrie has shown me specimens of this collected by him in the 
immediate vicinity of Auckland, and informs me that he has observed it 
in the Provincial District of Otago. So far as I am aware, it has not been 
previously recorded from the Southern Hemisphere. 


Abt. — Prelimitmrtj Sate on the Fungi of the New Zealand Epiphjtk 

Orchids. 

By T. L. Lancaster, Sir George Grey Scholar, Victoria College, Wellingtoii. 
Communicated by Professor Kiik. 
befon the Wdlitujton Philosophical Society, 7th i^eptember, 1910.] 

The epiphytic orchids found in New Zealand comprise six species, all of 
which are endemic. The four genera to which they belong are typically 
tropical, two (Sarcochilus R. Br. and Bulbophyllum Thouars) being widel^^ 
distributed in tropical regions. Dendrobium Swaitz has its headquarters 
in the Malay Archipelago, while Earina Lindl. extends to the islands of tht 
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tropical Pacific. The species specially referred to in this paper are Denrlro- 
'^mim Cunnimjhamii Lindl., Earim mucromta Liiidl, and Earina smvenlcnif 
Lindl. 

If transverse sections of the roots of Eanna or Dmdrohium he examined 
with the microscope it will generally be found that some of the cortical 
rells contain each a yellowish-brown mass. Sometimes these masses are 
few in number and small in size, but often they are present in abimdance 
and are conspicuous objects in the section. They are most plentiful in the 
outer layers of cortical cells, and are seldom found in close proximity to the 
stele. Close examination of these masses shows that they yary greatly in 
size, in shape, and in the materials composing them. In colour and dense- 
ness, too, they show variation, so that no two are alike, even in the same 
cross-section. It will bo of assistance in description to refer all these masses 
to one or another of three chief classes, into which they may be di^uded, the 
first class containing masses which consist almost wholly of a more or less 
dense coil of well-defined fimgal hyphac ; the second comprising those wliich 
are dense and yellowish in colour, and in which no traces of hyphae are 
observable ; and a third class consisting of masses which are intermediate 
in structme between those of the first two classes. The bodies belonging 
to the last class are usually composed partly of numerous granular bodies 
and partly of what are evidently degenerating fungal hyphae. 

In the bodies of the firat type the hyphae are thin-walled, almost colour- 
less, often swollen slightly in places, and are usually coiled up in a more or 
less dense mass. They are septate, the division walls being sometimes 
very numerous, and they often branch freely. A vacuolated appearance 
is nearly always observable, and sometimes the hyphae are seen to have 
collapsed in places. 

The masses of the second class, although varying greatly in shape, gon(‘- 
rally have their edges well defined. They are usually of a yellowish colour, 
and the substance of the mass appears homogeneous, no signs of fimgal 
hA’phae being observable. Each of these masses is usually connected with 
the walls of the cell in which it occurs by one or more narrow strands, which 
often appear to consist of protoplasm, but which are sometimes fungal 
h}’phae in a state of degeneracy. Sometimes the strands belonging to the 
masses in adjacent cells appear to be continuous through the dividing cell- 
walls, so that the strands would seem to connett the yellowish bodies iritli 
one another. 

The masses of the third class contain muneroiis degenerating hyphae, 
the outlines of which are often difficult to distinguish, and mingled vith 
these are often large numbers of tiny granular bodies. Sometimes small 
starch-grains are present among these, but they are never abundant. Often 
the central portion of these masses is of a yellowish colour, and more dense 
than the outer portions, which consist largely of degenerate hyphae ; in 
fact, if it were not for the presence of this outer hyphal layer the mass 
could be correctly referred to class 2, It should have been stated at the 
outset that it is not possible absolutely to delimit these classes from one 
another, as they are connected by masses of intermediate structure. 

In the cortical cells containing the bodies just described the nucleus is 
frequently much swollen, and it is generally observed to be in close contact 
with the mass in the cell to which it belongs — sometimes, indeed, it appears 
to be partly included in the mass. Usually bodies belonging to all three 
of the above types will be seen in any one section, l)ut one class of mass 
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invariably predominates. In most cases the bodies « ommif under the second 
head vnll be found to be most numerous. 

An examination of the velamen tissue of tliese orchid-roots shows that 
t almosi invariabh" contains mauv colourless or lirownish hyphae, which 
branch freely and wander through its cells, formiiii> a loose network of 
mycelial threads. The hyphae are septate, and it would sometimes appear 
from their great variation in thickness that more than one species of fimgus 
was present. This is undoubtedly often the case. At maturily the velamen 
is a dead tissue, and no coils of h}"phae or yellowish masses such are seen iu 
the cortical cells are present in it. Where the hyphae are present in abund- 
ance in the velamen that tissue is sometimes observed to be in a state of 
decay ; indeed, m the older portions of some roots it has entirelv dis- 
appeared, and the exodermis is then the outermost layer. 

The passage-cells of the exodermis are often occupied by a seanty coil 
of hyphae formed by threads which have entered from the velamen. Some- 
times a mass of granular bodies occupies eacli of these cells, w'hich, milike 
those of the velamen, contain living contents. Where extensive thickening 
has taken place in the exodermal cells it is not always easy to demonstrate 
the connection existing between the hyphae of the transfusion-cells and 
those of the velamen, owing to the presence of a felty mass which often 
guards these cells on their outer sides. The transfusion-cells of the exo- 
dermis are the ones which admit the fungal hyphae to the cortical tissues. 
Having entered one of these passage-cells, a h}’Tpha usually forms a loose 
coil, and then extends out into the cortex, where it may branch, and each 
branch is generally seen to end in one of the yelloAvish masses above 
described. Sometimes after forming a coil in one cell a hjrpha enters an 
adjacent cell, where it forms another coil, and it may do this in several 
cells in succession. The hyphae which are foxmd in the cortex are seldom 
normal, and they generally present an unhealthy and impoverished appear- 
ance. This ill-nourished condition is indicated by the presence of vacuoles, 
and often by the collapse of the hyphal walls. The hyphae of the velamen 
never have this unhealthy appearance. 

Where the roots of these orchids come into contact with humus, as the} 
usually do in the crevices of the bark of the supporting tree, or in the black 
material formed by the decay of lichens, mosses, &c., it is noticed that 
numbers of hairs, much uesembling the root-hairs of ordinary terrestrial 
plants, are frequently developed. Sometimes among the other normal 
hairs some will bo seen which have become flattened, and then twisted in a 
regular spiral fashion. The cavity of each hair usually contains one or more 
fungal hyphae, which are continuous -with those in the velamen. 

The foregoing description applies in all essential respects to both species 
of Earma and to Dendrobium Cunningham f in which the velamen is usually 
a well-marked tissue, and the roots of which are structiually very similar. 
In the New Zealand species of Bulbophyllum and in Sarcochilus adversus 
the velamen is poorly developed, being seldom more than two cells deep. 
In Sarcochilibs the hyphae of the velamen are very scanty, but the yellowi^ 
masses in the cortical cells are often large and abundant. 

It is by no means easy to discover the exact physiological significance of 
structures such as those briefly described, although such problems are of 
supreme interest. It is well known that the roots of many plants growing 
in soils rich in humus often live in intimate connection with the mycelia of 
fungi inhabiting the soil. Thesa associations are believed to be beneficial 
to both organisms, and to such an alliance between the roots of one of the 
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plants and a fun^al myt*elmiu the name “ mvcorhiza i& given. 
Mycorhizae are of two kinds — those in tJu* fungal elemenls do noi 

penetrate the root, but merely form a dense mat round it, and those in which 
the hyphae enter the root and form roils wit Inn its cells. There can bo no 
doubt that the relationship existing between the roots of our epiphyti* 
orchids and the fungal filamenbs comes undei tlie head (d mycorhizic asso 
ciations. It is evident, moreover, that th(‘ inycorhizae in their caao ai< 
endotropiiK*. Orcliids siMun to be particularly prone to the formation ot 
such alliances, and it is tJierefore not surprising to find that some New' Zea- 
land orchids poss(\ss mvcoi*hizat‘. Among mycorhizae hitherto described 
is that of a Biitish saprophvtic orchid, Comllorhiza innata, which was 
dealt with by Messrs. Hanna and Jennings in a paper published m fch<‘ 
Proceedings of the Eoyal Dublin Society ” (1898b 

There is little fixity of opinion as to the exact nature of the benefits 
accruing to the partners in these myeorhizic associations. The view ot 
Hanna and Jennings with regard to (^orallorhiza is that the hairs found on 
the rhizome of the plant are produced ^vith the object of attracting the 
fungal hyphae into the rhizome, so that the orchid can use them to augment 
its supply of food-materials. According to these authorities, the coils of 
hyphae in the orchid’s cells are gradually absorlied as food by the proto- 
plasm, starch-grains appearing in abundance as the hyphae disappear. A 
view held by Groom and Jansc with regard to endotrophic mycorhizae iu 
general is that the fungus is digested by the root, thereby supplying com- 
bined nitrogen. Other investigators— c.//.. Hiltner and Magnus— hold 
similar views. 

In the case of the New Zealand orchids it is not probable that the hairs 
on their roots are produced as fungus-trapping organs. In some cases it 
is certain from the manner in which the hyphae branch that they are leaving, 
and not entering, the root. In many instances spores have been seen in the 
hairs, and in more^ than one case the cavity of a hair at its extremity was 
observed to be densely packed with spores. What seems more probable is 
that the hairs perform, for a time at least, the functions which root-hairs 
perform m ordinary terrestrial plants— viz., absorption of water and mineral 
food. As above mentioned, the veUmen at maturity is a dead tissue : its 
cells after having thickened their walls in a curiously intricate fashion lose 
their living contents, so that the haim springing from them must also die, 
and presumahly b(‘come functionlcbs. It seems probable that no special 
significance is to be attached to tin* presence of the hyphae in the hairs. 
That the fungi sometimes use them as a means of entering the root cannot 
be doubted, bin it is very likely that the hyphae are capable of penetrating 
the velamen at almost any jioiiit, and that their chief mode of entrance is by 
direct penetration of the outer cells of that tissue. 

It is well know'll that humus is invariably penetrated in all directions 
by the hyphae of many species of fungi, and these are believed to assist iu 
breaking dowm the complex organic compounds of the humus, thereby 
bringing a large amount of plant -food into an available condition. The 
humus, from w'hich these eiMph>i:ic orchids must obtain practically all 
their food-materials except I'arbou, is formed, as before stated, largely by 
the decay of lower plants, chiefly lichens and mosses. It is unlikely that 
the carbon of the humus is utilized by the orchids, as they are all well 
supplied with chlorophyll, and it would therefore seem that their supply 
of carbon from atmospheric sources would be adequate to their needs. It 
cannot be said that their supply of available nitrogen is by any means 




1. Portion of a transverse section of the root of Enrina mucroumta, showing the hyphae 

in the velamen and the masses in the cortical cells. The thickenings of the walls 
of the velamen cells have been omitted to secure clearness. 

2. Cells from the cortex, showing the hyphae in various stages of absoi’ption — first 

stage ; c, interme^ate stage ; h, tlmd stage. 

3. Portion of a hypha from the cortex, showing vacuolated appearance (much enlarged). 
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bufficient. The nitrogen compounds of humus are in general far too complex 
for ordinary green plants to assimilate. In view of this fact the idea that 
the fungus of the mycorhiza in some way assists in increasing the nitrogen- 
bupply does not seem imreasonable, and the experimental work of British 
and Continental investigators tends to show that there are good grounds 
for this supposition, at least in the case of the particular plants investigated 
bv them. 

With regard to the New Zealand epiphytic orchids, it is impossible in 
the absence of experimental investigation to make any positive statements 
as to tlje uses of the mycorhiza. In view of the evidence in hand, how- 
ever, the following may be held to represent in a general way what occurs, 
and to be a brief statement of the working hj^othesis : — 

Fungal hyphae living in the humus in which the orchid-roots are usually 
imbedded penetrate the spongy velameu tissue and wander about in its 
cells, and probably derive some slight advantages therefrom. It has been 
remarked above that this tissue is sometimes found to be in a state of decay. 
That the hyphae may have something to do with this is not impossible. In 
this dead velamen tissue they meet with no active resistance. Finding 
points of weakness in the exodermal cylinder — e.q,, the transfusion-cells — 
they enter. Here, however, they are for the first time face to face with 
vigorous living cells, and after forming a scanty coil they branch out into 
the cortex. The orchid now becomes the aggressor, and its protoplasm 
absorbs what it can from the hyphae, producing in them the vacuolated 
appearance previously mentioned. After forming several coils in the 
cortical cells the hyphae are exhausted, and the protoplasm of the orchid 
still continuing to absorb, eventually kills them. It soon changes a dense 
coil of filaments into a yellowish unorganized mass, which probably repre- 
sents the parts of the fimgus which the protoplasm is slow to assimilate, 
or which it is unable to assimilate. The nuclei of the cortical cells show 
the result of the vigorous nutrition in their greatly increased size. The 
three types of masses above described represent tW coils of hyphae in 
different stages of absorption. The observation of a very large number 
of sections of the roots shows that something like this is actually whal 
occurs. Th*" appearance of a mycorhiza is hold by some to indicate incipient 
saprophytism. If this view is correct, the New Zealand epiphytic orchids 
may be just beginning a career as saprophytes. 

The position of the fuugi of these mycorhizac in the classificatory scheme 
has not yet been deteiminod. Culture experiments have been made, but 
I do not regard then results as absolutely coinducing. I am hopeful, how- 
ever, that a few more experiments of this kind will enable the systematic 
positions of the fungi to bo accurately determined. It is worthy of note 
that spores are often observable in the velamen tissue, especially in the older 
portions of the roots, and most commonly when the roots are freely exposed 
to the air. In several cases the whole of the hyphae in the velamen had 
broken up into chains of spores. 
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APii. XXA"I . — The Rcdxsvovery of Ranunculus critlimifolius Hooh /. 

By Robert M. Laing, IB.Sc. 

[Reud bffoK ih< Phih<sop}iual InMiulc of Canicrhunj, 7th Jkrtmhfr, J910,] 

In the Handbook of tho Now Zealand Flora “ (1864), by Sir J. D. Jlookei 
there is described as a now species Ranunculus erithmijolius. It w*s col- 
lected by Mr. W. T. L. Travers at the Wairau Gorge, at an altitude of 
6 000 ft. Hooker adds to his description the note that it is “ a very singular 
plant, easily recogni 2 ed by its glaucous, fleshy habit, finely dmded loaves, 
and single-flowered short scapes.’' Mr. T. Kirk, in his Students’ Flora 
of New Zealand” (1899), quotes Hooker’s description, and adds —I kno\\ 
not on what authority— -the remark that only one specimen of the plant was 
found by Travers. In Choeseman’s Manual of the New Zealand Flora 
(1906), under the description appears the note, “ A cmious little plant, 
vthich has not been collected since its original discovery Jioarly forty years 
ago. There are no specimens in any of the New Zealand herbaria, and I 
have consequently reproduced Hooker’s description.” 

In the “ Plants of New Zealand,” 1906, p. 170, alluding to this plant. 

1 iM‘ote thus : ‘‘In spite, however, of all the perseverance and research 
of modern workers, a few of the forms apparently known to the earliest 
explorers have not been rediscovered in recent times. In some cases it is 
probable that the plant has been redescribed under a fresh name ; in a very 
few cases it may be that by some luck}" chance the first collectors found 
a plant that on account of its extreme rarity has never been seen again. 
In Ranunculus erithmijolius we have a plant that has not been reidentified 
since first found by Travers on the shingle-slips of the Wairau Gorge. Evei^ 
then only a single plant was seen. It seems more than likely, tlierefore. 
that the plant was a casual variant of some othei form ihan reallv a distinct 
species. If, however, the original description is to bo trusted. Ranunculus 
erithmijolius is one of the most remarkable species of the genus. Like all 
other shingle-slip plants, it is highly specialized : otherwise it would not 
have been able to live in the place whence it was reporled. ... It has 
leaves which, on a smaller scale, closely resemble those of the rock-samphu’e. 
a plant of an altogether different order. They are thick, succulent, bluish- 
green, and highly polished, thus differing widely from the normal leaf-form 
of the genus. Diels compares them to the leaves of Ligusticum carnosulum. 
which is one of the most singular species of the flora, and also [along with 
Ranunculus Haastii] grows on the same shingle-slips in the Wairau Gorge.” 

From these extracts it will be seen that Ranunculus erithmijolius was 
what sailors call a ‘‘vigia” — something once reported but not again seen. 
In January, 1910, 1 visited the Mount Arrowsmith district, and foUowed up 
the course of a little stream flowing into the Cameron River on the westward 
side of the Cameron Hut. The source of the stream was in a shingle- 
covered ridge, some 5,000 ft, high. On the western side of this ridge I was 
delighted to find a plant with all the characteristics of the shmgle-slip 
species, hut one which was new to me. Specimens of it were scattered, a 
few yards apart, over an area of several acres. It was by no means 
common, and a close search was necessary to find it, as the leaves were of 
the same colour as the shingle. Near at hand was growing Ligusticum 
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carnosuhm, and although Famnculus Ilaastii was not seen on the same 
shingle-slip it is to be found in the district. A careful search revealed 
scapes that had done flowering and showed the plant to be a Banunmlus^ 
and on taking it ba(*k to camp it was found to agree in every detail wiih 
Hooker’s description of Bmunculm crillmij alius. It is strange that a 
plant whicli had been lost for nearly fifty years should be obtained about a 
hundred and fifty miles away fi‘om its first-discovered habitat, but still in 
association with the same species originally found in its vicinity. A long 
search failed to reveal any flowers, and only a few achene-bearing plants 
were found. 

A little needs to bo added to the original description. Some living 
specimens were obtained, and one or two of these were given to Mr. J. R. 
Wilkinson, of Bushside, Mount Somers. He has been able to grow them, 



a, 1). Leaves j half natui’al 

c. Plant ; half natural size, 

d. Plowor, from front ; half natural size. 

e. Mower, from back ; halt natural size. One sepal has become leaflilte. 

/. Fruit ; magnified twice. 

and forwarded me, on the 20th September of this year, a fully expanded 
flower. I am thus able to give a more complete description of the plant 
than has hitherto been possible, for Travers’s specimen was in fruit only. 

The horizontal rootstock, which is about 1 cm. in diameter, sends out 
at intervals loose rosettes of 6-8 leaves, which die down in the autumn. 
When mature the leaves are 6-10 cm. h^h, and of the usual grey-green 
of the plants of the shingle-slip. The petioles are 5-7 cm. long, channelled, 
^d end in a somewhat membranous yellow-brown leaf-sheath, about 2 cm. 
in length. The leaf is usually temately divided, the petiolule about equalling 
the blade in length. The latter is more or less triangular in outline, and 

7— Trans. 
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3-4 cm. broad at the base. The secondary segments are piiinately rather 
than ternately subdivided, and are also more or less triangular in outline. 
The ultimate divisions are linear, obtuse, 2-3 mm. long, and about 1 mm. 
broad. At Mount Somers the plant flowered in September, while the 
loaves were still unfolded and closely appressed to the shingle.* The scape 
is short, 1-2 cm. long ; flowers 2-3 cm. in diameter. Sepals (5) oblong, 
inbricate in the bud, pale cream, truncate, 8-10 mm. long, tinged on the 
under-surface with pale brown. Petals (5) cuneate, slightly emarginate, 
yellow above, streaked with brown below, with a single large glandular 
pit at the base of each. When the flower is fully expanded the petals are 
remote, and admit the full breadth of the sepals between them. Stamens 
numerous, fllaments short, about half the length of the petals. The turgid 
achenes, about 12-20 in number, form a rounded head 8-10 mm. in 
diameter. All parts of the flower are quite glabrous. 

Though no original specimens have been seen, the identity of the plant 
with that of Travers can scarcely be doubted. I have deposited a specimen 
in Canterbury Museum. 


Art. XXVII. — On the Flora of the Mangonui County, 

By H. Carse. 

[Bead hefote the Auckland Institute, 22nd November, 

The County of Mangonui is situated in the extreme north of the Auckland 
Provincial District. It lies between 34° 20' and 35° 20' south latitude, 
and consists of a long narrow peninsula stretching north-west known as 
the North Cape Peninsula, and a southern portion more or less oblong in 
shape. The peninsula is about fifty miles in length, and from five to ten 
miles across. The lower portion is about forty miles from cast to west, and 
averages about sixteen miles from north to south. 

“ The first person to explore the district from a natural-history point 
of view was the veteran botanist Mr. Colenso, who in 1839 travelled from 
Kaitaia northwards to Cape Maria van Diemen, and from thence to the 
Reinga, Spirits Bay, and the North Cape. During this journey he collected 
several of the plants peculiar to the (fistrict, notably Hibiscus diversifolius 
and Lycopodium Drummondii, the last of which has not been refound. f 
In 1840-41 Dr. Dieffenbach, the naturalist to the New Zealand Company, 
made an exploration of the country to the north of the Bay of Islands. He 


* Since writing the above I have seen specimens of the flower in Dr. Cockayne's 
garden in Christchnroh. On my return to Christchurch last January I gave him one 
or two living plants of B, crithmifdlius. These have grown quite readily in ordinary 
soil at the low altitude of Christchurch. The leaves are less appressed to the surface of 
the ground and the scapes are much longer than in the specimen grown by Mr. Wilkinson, 
t Since refound by Mr, H. B. Matfliews. 
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spent a considerable time in tbe North Cape Peninsula, judging from the 
account given in his ' Travels in New Zealand,’ where Chapters 12 and 13 
are devoted to the physical features and geology of the district. I cannot 
learn that he made any botanical collections therein, but the chapters quoted 
contain several interesting remarks upon the vegetation. In the summer 
of 1865-66 the district was visited by Sir James Hector. ... He 
was accompanied by Mr. John Buchanan, who made a considerable collec- 
tion of plants, which I believe was forwarded to Kew. He was the first 
to detect Hymenanthera latifolia, and observed several other species not 
previously recorded from that part of New Zealand. In April, 1867, Mr. 
Kirk and the late Mr. Justice Crillies made a brief visit to the district be- 
tween Parengarenga Harbour and Spirits Bay. Notwithstanding the late- 
ness of the season, a few novelties were collected and much additional 
information obtained. Some notes on this journey will be found in the 
' Transactions of the New Zealand Institute ’ (vol. 1, p. 143). A list of the 
plants observed by Mr. Buchanan and Mr. Kirk is given in vol. 2 of the 
same publication (pp. 239-46). So far as I am aware, these three papers 
comprise all that has been published on the botany of the North Cape Pen- 
insula.”* 

In the Transactions for 1896 appears a paper On the Flora of the North 
Cape District ” by Mr. Chcesemau, from which I have taken the foregoing 
paragraph. Mr. Cheeseman in his paper mentions his earliest visit to the 
district, in 1874, when he explored Doubtless Bay, Oruru Valley, Maunga- 
taniwha, and a portion of the cast coast. In 1889 Mr. Cheesoman again 
paid a short visit to the district, followed in 1896 by a longer one. ffis 
itinerary shows that on this occasion he passed from Mangonui to Awanui, 
thence to Kaitaia and Ahipara, and thence coastwise northwards as far 
as the North Cape. Considering the short time available, Mr. Cheeseman 
was able to take note of a considerable number of plants. 

Since the time of Mr. Cheeseman’s visits a fair number of botanical 
discoveries have been made ; indeed, it would be surprising if during the 
fourteen years that have elapsed a considerable amomit of additional in- 
formation as to the plant covering of the district had not been gained. As 
a resident in the district, and a not unsuccessful observer of nature, I am 
in a position to supply additional botanical information, partly from my 
own observations and partly from those of my friends Messrs. R. H. and 
H. B. Matthews and Mr, H. Bedggood. As a rule, however, these new 
discoveries were made in parts which were not included in Mr. Cheeseman’s 
trip. 

It is not my intention to deal with the northern portion of the county, 
but only with the lower part which lies south of a line through Mount Camel 
and Cape Karakara.f This includes the southern portion of the North 
Cape Peninsula. 

The lower section of Mangonui County has a broken coast-line on the 
east and north, Doubtless Bay and Rangaunu Bay being the chief openings. 
The west coast for many miles is unbroken untQ Ahipara Bay is reached. 
Here the coast suddenly trends towards the west to Reef Point, more 
generally known by the Native name of Tauroa. Here it turns south, then 
south-east to the Herekino River, the south-western boundary of the county, 

* Cheeseman : « On the Flora of the North Cape District,” Trans. N.Z. Tnst., vol. 29, 
p. 333. 

t This is really Cape Whakapouaka ; there is a stream oallod Karikari a few miles away, 

7 * 
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North-west from Ahipara the coast-liiie consists of a range of sand- 
dunes, consolidated and recent, on the landward side of which are smaller 
sand-dunes, among which are numerous small lakes and lagoons. Inland 
from these are extensive peat-swamps, and farther inland firmer flat land, 
subject to inundation during the heavy rains. From Ahipara southward 
the coast-lme is more rocky. The Tauroa Peninsula, which terminates in 
Beef Point, is chiefly a series of elevated sand-dunes, using to a height of 
about 700 ft. From the Tauroa Plateau radiates a fanlike series of hills 
towards the north and east. 

The first line of hills runs parallel with the coast, at an average distance 
of five miles, from the Tauroa towards Awanui and Mangatete. There are 
two breaks in this line — ^the Herekino Gorge, through which run a small 
river and the road to Herekino ; and the Kaitaia Valley, which extends 
towards the east, and branches into the Victoria, Takahue, and Fairburn 



Sketch-map op Part op MAsraoNUi County. 


[(Scale, twelve miles to an inch.) 

Valleys. The highest point in this range is Taumata Mahoe (1,881 ft.). 
Between KAitaia and Mangatete this high land spreads out, forming a table- 
land at an elevation of about 600 ft. Rom this plateau ranges of hills run 
through Fairburn towards Oruru and Mangonui, the highest point being 
Kopu Okai, commonly known as Trig. 27 (1,063 ft.), a few miles from Fair- 
bum. 

Eastward the county is broken but less elevated until we come to Eaetea 
(2,436 ft.), the highest point in the county ; from thence runs a range to 
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Kotepu (1,762 ft.), overlookiiig Victoria Valley. Behind this range are the 
Manngataniwha Eanges, branching out from the hill of that name (1,912 ft.). 

It will thus be seen that the central and southern portion of the district 
is very broken. High hills and deep valleys, heights almost mountainous, 
separated by profound gorges or deep gulhes, form the chief features from 
a bird’s-eye view. This is the forest country of the district, and here, in 
spite ot the axes of the settler and bushman, many miles of bush-clad ranges 
are still to be seen. 

It has been pointed out how the plants ol any locality arc not arranged 
by chance, but are found in definite combinations, called technically plant 
formations,” which have come into existence in consequence of the geo- 
logical history of the region, the climate, the nature of the soil, and other 
causes, some physical, others biological.* 

If we take a bird’s-eye view of this or of almost any district we find 
that the plant covering may be arranged into six more or less clearly de- 
fined plant formations. These are the forest, the moorland, the swamp, 
the lake and river, sea cliffs and beaches, and sand-dunes. In many cases, 
no doubt, these forms, or some of them, are more or less merged into others, 
but generally speaking their differences are clearly marked and the species 
belonging to one formation keep to their own places, though vagrant forms 
do at times intrude upon their neighbour’s domain. 

The Foeest Foemation. 

Less than a century ago the greater part of southern Mangonui was 
covered with dense forest. The axes of the settler, cleamig the land for 
purposes of grazing and cultivation, and of the bushman, felling the trees 
for timber, are rapidly making the forest primeval a thing of the past, but 
there is still left standing sufficient of the old forest to give us a good idea 
of what it consists. 

For p rposes of botanical study the forest formatioi may be divided 
into three classes — ^the general bush, the kauri bush, and the kahikatea bush. 

The general bush varies more or less in its constituents according to soil, 
elevation, slope, &c. By far the most common tree in this section is the 
taraire, so much so that the name ‘‘ tarairc bush ” is almost as applicable to 
It as the names kauri ” and kahikatea ” to the sections m which these 
trees predominate. 

In the taraire bush — as, in fad, in all bush — the covering consists of tall 
trees, many of which bear, or are more or less covered by, epiphytic plants 
and interlacing lianes, of smaller trees, shrubs, and tree-ferns, with a carpet 
of creeping and othei* herbs, grasses, sedges, ferns, mosses, &c. In addi- 
tion to the taraire, the more prominent trees are totara, rimu, miro, matai, 
tawa, hinau, rewarewa, towai, kohekohe, kc.' Of the smaller trees and 
shrubs, mahoe, Hedgcarya, Fusanus, various species of Coprosnia, and in 
damp places Fuchsia and pate (Sckefflera), are the most common. The 
surface covering, besides ferns, mosses, and allied plants, is made up of 
sedges, grasses, orchids of various species ; and in many places NeHera 
dichondraefoUay creeping and rooting as it goes, forms a characteristic feature. 
Of sedges, the most prominent are Gahnia xmthocarpa and (?. setifolia. 
The principal native grasses to be seen are Microlama avenaeea and Oplis- 
menus undulatifoUus. Of the orchids I shall speak later. 

* Report on a Botanical Survey of the Tongariro National Paik,” L. Coekajiio, 
Ph,D,, F.L.S., &o. : Department of Lands, WelUngton, 1908. 
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Of the lianes, the most noticeable arc the bush-lawyer {Bithus) and 
supplejack {Rhipofjotmn) , These are frequently found stretching to the 
tops of the tallest forest-trees, in such a position that we can only conclude 
that they have attached themselves to the branch(‘& w^hen the tree was young 
and have grown up with the growth of the tree. Sometimes, however, in 
place of ascending, these plants form an almost impenetrable iietwwk 
through whicli neither man nor beast can pass. Other Hanes are various 
forms of rata-vines (Mctrosiileros), ParsoHsia, Vlemalis, kiekie, &c. 

In damp places on creek-banks and on wet slopes great masses of 
Elatost&mia mgosum, a succulent-stemmed prostrate herb with large vari- 
coloured leaves, is a characteristic covering. 

Of epiphytes growing on the forest -trees the commonest and most 
noticeable are forms of wharawhara (Astelia), among which various ferns 
and lycopods are frequently found. On trunks and upper branches, too, 
occur a few orchids— ii'rtrma (two species), Benchdbium, Bulbophi/llum, and 
Sarcochilus, A prominent epiphyte is the rata-tree in its earlier life. As a 
seedling it is often found in the clefts of branches of tall trees. As it grows 
it sends branches upward and root - stems do\\mward ; these, reaching 
the gromid, into w'hich they penetrate and branch of^, absorb nutriment, 
causing their upper parts to swell out into trunks, coalescing one with another 
until they crush out the life of the tree which for years gave them suppoit. 
The rata {Metrosideros robusta) will, and often docs, grow' as a terrestrial 
plant, but when growing directly from the soil never forms a large tree — 
rarely, indeed, exceeding 25 ft. or 30 ft, in height. On Kangitoto Island, 
near Auckland, the rata growing among blocks of lava forms shrubs only. 

Other epiphytes w»^hich grow in a more or less similar manner are 
Oriselinia lucida, whose large glossy leaves are often pronoinent objects in 
the upper branches of tall trees ; Panax arbor eum, usually on tree-ferns ;* 
and a few others. 

It may not be out of place here to draw' attention to the mistake often 
made by many people of confusing the words “ epiphyte ” and " parasite.’* 
Epiphytes, as the name denotes, merely live upon other plants, but derive 
nothing in the way of nourishment from the substance of the supporting 
plants, nor do their roots penetrate that substance. Parasites, on the other 
hand, derive their food in part or entirely from the sap of the plant on which 
they grow, and into w^hose substance their roots penetrate, or to whose 
surface they apply their sucking-discs. We have not many parasite plants 
in this district. Loranthus micrayUhus and Korthalselln salicornioides are 
not infrequent, and the curious leafless Cassytha paniciilata occurs plentifully 
on Leptospermum near the coast, attaching itself to its victim by means of 
small suckers. 

The Kauri Forest, 

In the kauri forest that tree towers high above all others. There are, 
as a rule, few other large trees, the most frequent being the towai (Wehi- 
mannia sylvicola), a few taraires, kawakas (lAbocedrus Doniana), miro, and 
tanekaha (Phylhcladus trichomanoides). Of smaller trees and shrubs the 
most conspicuous is the neinei {Dracophyllum latifolium) ; others are species 
of Goprosma, maire, Myrtus pedunculata, Panax ancnnalum, &c. 

Perhaps the most conspicuous feature of the kauri bush is the great 
quantity of kauri -grass (Astelia trinervia), among which occur Astelia 

j — — 

♦Carae: “On the Occurrence of Panax arboreim on the Stems of Tree-ferns,” 
Trans. K.Z. Inst., voL 34, p. 359. 
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nervosa, and the large sedges Gahnia xanihocarfa and G. setifolia, which, 
owing to the sharply serrated edges of their leaves, form a somewhat for- 
midable barrier. The ferns Dicksonia lanata, Gleichenia Cuminghamii^ 
Lomaria minor, and the curious Schizaea dichotoma also occur. A very con- 
spicuous plant in the kauri forest is Metros ideros albifora, whose large glossy 
leaves and racemes of puro-\vhite flowers make it a plant well worthy of a 
place in our wild gardens. 

The Kahihatea Bush. 

The kahikatea, or white-pine, is usually found in colonies in damp, 
often swampy, land. It occurs in the liigher lands, but never in large quanti- 
ties. In the kahikatea bush the undergrowth is very dense, the greater part 
being formed of numerous species of Copros7na. Other common plants are 
mahoe, Hoheria, Plagianihus, Pennantia, kowhai, &c. The native passion- 
vine (Passiflora tetrandra), Parsonsia hHerophylla, and P. capsularis also 
occm*. 

Of the surface-plants, the most common are various forms of sedges 
{Carex chiefly), Ilydrocotyle of various species, and numerous ferns, mosses, 
and grasses. 

The Moorland. 

The moorland consists of open country, usually of a stiif clay foiination, 
destitute of trees. Much of this land ages ago was covered with kauri forest. 
Of this wo have the evidence of old kami stumps and roots, and the gum 
which has for many years given employment to a great number of men. 

Much of this land is covered with tea-tree, usually small, owing partly 
to frequent flres sweeping over the surface and partly to the poverty of the 
soil. Among the tea-tree scrub are found several forms of Lycopodium, 
orchids, and sedges. Larger sedges also cover large areas. 

Conspicuous on many of these moorlands are Pomaderris elliptica 
(kumarahou), with its beautiful cymes of creamy-yellow flowers ; P. phylioae- 
folia, a heath-like plant ; Draeophyllum Vrvilleanum ; and of smaller plants, 
forms of Haloragis. 

In damp and swampy parts of the moorlands are found the dainty 
bladderworts Utrkularia delicatula and TJ. novae-zealandiae, the sundews 
Drosera hinata and D, spathulata, and very rarely the orchid Spiranthes 
australis. 

The Swamp. 

The most noticeable plant of the swamps is undoubtedly the raupo 
{Typha angusfi folia), whose densely clustered pale-green leaves form masses 
visible for miles. Here, too, on the firmer paints, occurs the useful Phormium 
tenax, or New Zealand flax, the conversion of which gives employment to 
so many of our people. Several species of Hydrocotyle are frequent creeping 
on the surface, as also does Banunculus rivularis (the whauriki), a small 
buttercup containing an acrid poison, often fatal to stock. Another con- 
spicuous swamp-plant is the large willow-herb, Epilohium paRidiflorum. 
Round the margin, and often through the swamp, occur large masses of the 
pink-flowering Polygonum serrulatum, and Sparganium antipodum. 

The coast swamps vary somewhat from the inland ones. These are 
usually formed by the blocking-up of a small creek by the inroads of the 
sand from the beach. In the maritime swamps of this district are to be 
found, in addition to most if not all of the inland-swamp plants, Plagianthus 
divaricatus, Epilohium chionanthum, Hibiscus diversifoKus, Lerma minor, 
Triglochin striatum, &c., and the ferns Nephrodium unitum and N. Thdypteris. 
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Lake and Kiver. 

Of tlie pUnts occurring in or about lakes and rivers we may make two 
classes— viz., those that grow on niuddv banks, which as a rule fall natiirallv 
imder the head of swamp-plants ; and, secondly, those which germinate in 
the mud at tlic bottom, and rise up to produce flowers and fruit on the 
surface. And yet it is not at all possible io lay down hard-and-fast rules 
on this point, for the plants of the luud-bauks not infrequcntlv grow entirely 
submerged, and those of more aquatic habits are often found in drier situa- 
tions, usually, however, in a more or less depaujicrated condition. 

On the margins of lakes and rivers where the soil is muddy most of the 
swamp-plants — raupo, flax, sedges, &c. — are ionnd. In addition ai'e OIosso- 
stigma elatinoides (often forming dense matted patches), Elathie americma, 
Callitriche verna, and various foims of Epilobium, 

In the beds and at the sides of inland creeks the rocks which rise above 
the water form the habitat of Epilohium pedunculate, in dense dark-green 
masses, among which not infrequently occur the dainty or(*hid Corysanthes 
rotmdifolia, with its one loaf and hehnet-shaped puiqde flower, and the little 
daisy Lagenophora peliolata var. minima. Here and there occurs the some- 
what rare Nerlera Cunninghamii. Conspicuous on many oF these creeks, 
among the rocks, occur the graceful plumes of fhe tall grass Atundo julvida, 
closely allied to the beautiful and larger Arundo conspicua, so characteristic 
of the coast. 

Of the more or less submerged plants the most common are forms of 
Myriophyllum and Potamogeion. Entirely submeiged are the various forms 
of the order Ckaraceae, chiefly species of Nitella. 

Along the banks of tidal creeks the taU Ecirpits maritimiis is a prominent 
object, and at their mouths, among mud-banks, are found mangroves. 

Sea Cliff and Beaches. 

Among the more prominent plants on or near Lhc sea clifFs and beaches 
may be mentioned the pohutukawa {Metrosideros tomentosa)^ whose brilliant 
crimson flowers make the coast-line beautiful in early summer, giving to this 
plant the name of Christmas-tree; the karaka, whose fi*uit formed a great 
addition to the food of the old-time Maori ; the tawapou {Sideroxylon 
custatum), sometimes called the Hew Zealand olive, from the resemblance 
of its fruit to that of the olive (the true New Zealand olive is the maire— 
Olea). Here and there along the coasi is found Fuchsia procumbens, a 
graceful little plant, difiering fi*om all its congeners in tlie flowers being 
upright instead of drooping. In a few places are found the rare Coprosma 
Kirhii, which will probably become extinct within the present generation. 

Among smaller plants, very conspicuous are Cladium Sinclairii, a sedge 
with broad ensiform leaves and large drooping brown panicles ; Cassima 
retorta, Pimelia arenaria, Olearia furfuracea, and more rarely Olearia angula% 
all bearing white flowers. 

Among the herbs may be mentioned the wild celery (Jpium prostratum), 
Samolus repens, So^ichus asper var. littoralis, and Ipomaea palmata, with its 
lovely convolvulns-like flowers. 

Among the distinctly arenarian plants are Gunnera arenaria, Tetragonia 
(New Zealand spinach), Grantzia Uneata, Tillaea Si^eriana, &c. Airiplex 
patiila and Salsola Kali are increasing, especially the latter. There is, I 
th in k, little doubt as to these species being introduced, though they have 
become so widely distributed that it is difficult to distinguish these and a 
few others from aboriginals. 
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Sand-dunes. 

The mosl striking plant of the sand-dunes is undoubtedly the tall plume- 
^rass Anmdo consficua. Other plants peculiar to this situation are Co~ 
-prosma acerosa var. arenaria, Scirpus frondosvs, Euphorbia glauca^ and 
Spinifex hirsutus, all of wliich arc more or less useful in repelling the in- 
roads of the sands. 

In sandy places at no great distance from the sea is found the tiny sundew 
Drosera pijgmaen. This “ charming little gem has been reported from 
various localities from Capo Maria van Diemen to Ahipara. inland from 
Kaitaia to Ahipara, and also from Bluff Hill in Southland. So far no 
botanist has seen it between these widely severed habitats. In many places 
where the forest has been cleared, and the land has not been sown in grass, 
or has been neglected, dense masses of fern (Pteris) cover the soil. Low- 
lying grass lands will, if neglected, be smothered in wiwi {Juncus effusus) 
in a few years. 

TopoauAPHioAL Botany. 

It may be interesting now to take a few localities more particularly — 
localities in which plants of special interest have been found. The first 
I will refer to is the Tauroa. This is a tableland built up of consolidated 
and drifting sands, rising from Reef Point to a height of about 700 ft. At 
one time there were many kauri-trees growing on this plateau, the stumps 
of which still remain. In sheltered gullies running down fi*om the upper 
level are remains of the original forest covering, consisting now of small 
woods, rapidly, alas ! becoming buried in the ever-advancing sands. This 
locality has been very thoroughly explored by Messrs. R. H. and H. B. 
Matthews and Mr. H. Bedggood, and has yielded up many interesting 
botanical finds. Among these are Myrtus Ralphii and M, ohcordcUa, of 
which the previous known northern limit was ^^’^langarei Heads ; Pseudo- 
panax ferox, a rather rare plant ; Oorohia sp., wliich is, I believe, similar 
to one found by Mr. Cheeseman in the North Cape district, which may prove 
a new species ; f Lagenophora pimatiflda^ not before known north of Helens- 
ville, Auckland ; Earina mucronata, variety with broader leaves, denser 
panicle, and larger flowers ; Microlaena pohjnoda, extending its habitat 
north from Whangarei Heads. 

Lake Tangonge is the largest of a chain of lakes situated on the western 
side of the Awanui Rivei*, almost fringing the coast-liiie of sandhills. It is 
about three miles in length by perhaps half that Avidth, but is surrounded 
by a much larger area of raupo swamps, most of which are filled with water 
during the greater part of the year,”J 

In or near this lake have been found several very interesting plants, 
thanks to the investigations of Messrs. R. H. and H. B. Matthews. Of 
these perhaps the most interesting is Lycopodium Drummondii. ‘‘ This 
plant, which was referred to L. carolinianum in the Handbook, was gathered 
within the district by Mr. Colcnso in 1839, but unfortunately the exact 
locality has been forgotten.”§ 

Another interesting plant of this locality is Lepyrodia Traversii, pre- 
viously reported only from the Middle Waikato district and the Chatham 
Island ; and another 3*are plant is Pterostylis micromega, found in swamps 

♦ “ Students’ Elora/’ Kirk, p. 146. 

t “ Jklanual of tho New Zealand Mora,” T. F, Cheefieman, F.L.S., F.Z.S., p. 238. 

i”On tho Mora of the North Cape District,” T. F-SChechcraan, F.L.S., F.Z.S. : 
Trans. N.Z. Inst., vol. 29, p. 343. 

§ Loc, cit., p. 382. 
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on the margin of the lake. In a few places in the lake itscll are found plants 
of Utricularia frotrusa. This is only the third locality kuo^Mi in the 
Dominion. The somewhat rare sedge Scirpus lenticulans is also found here; 
and on the margin of the marshy land Mr. R. IT. Matthews discovered Carex 
Brownii, a small sedge, not previously known as a native of New Zealand. 

Where the waters ol the lake flow out into the Kaitaia-Awanui River 
Mr. Matthews made one of the most interesting finds that botanic science 
has known for many years : this was the rediscovery of PiUosporum oh~ 
cordatum. But for the fact that 1 had climbed up a cabbage-tree a few 
minutes earlier for the purpose of getting a view over the high raupo, &c., 

I might have scored this point; but the main point is that this long-lost 
species was rediscovered. It was originally reported by Raoul from Akaroa, 
but has not been seen since in that locality. 

Within a short distance of this spot are found several specimens of 
Plagianthus cymosus, a rathei* rare plant. For some time only one tree 
was known in this locality, but later several others wore foimd. 

Scattered throughout the district are other plants of considerable interest 
to botanists for their rarity or from their being foiuid in habitats much 
farther north of any previously reported. 

On the sandy margin of Lake Ngatu, a small lake situated behind the 
coastal sand-dunes a few miles from Awanui, I had the good fortmie to 
discover a tiny amiual herb belonging to the order Centrolepideae. It was 
provisionally described in the Manual as Trithuna inconspicua. Later, in 
a paper read before the Auckland Institute, 3rd October, 1906, Mr. Cheese- 
man placed this plant in the genus Hydatella, a genus of three species, two 
found in Western Australia, the third endemic in New Zealand.* 

The koru (Colensoa physaloides), the leaves of which were used by the 
Natives in the early days in place of cabbage, occurs sparingly in several 
places. It is usually found among damp shady rocks, never as a rule at 
any great distance from the sea. It has been reported from Mount Camel, 
Merita Bay, Ahipara, the Toatoa, a deep ravine inland fi’om Doubtless 
Bay, and near Herekino. 

In addition to the submerged bladderwort {Utricularia prolrusa) found 
in Lake Tangonge, two smaller ones {D. nome-zealandiae and U. delicatula) 
occur in peaty swamps in several localities. The former is reported by 
Mr. Cheeseman from near Lake Ohia ; I have also found it on a peaty slope 
near Elaitaia. The latter, a dainty little plant, is more plentiful, occurring 
ill peaty swamps near Kaitaia, on both sides of Rangaunu Harbour, and 
on the Peria gum-hills. 

In Flat Bush, a low-lying piece of land between Kaitaia and Fairburn, 
1 discovered the sedge Carex dipsacea. This is plentiful in Maimkau County, 
but has not been reported from any locality farther noi*th until I found it. 
Probably it does occur between these distant points, but has been over- 
looked. 

The Westland pine {Dacrydium Colensoi)^ which is not uncommon along 
the west coast of the South Island, is found in the North Island at a few 
widely separated spots only from Ruapehu to the far north. One mature 
tree and a spri nklin g of young ones occur in a kauri bush a few miles from 
Fairburn. I am told that another tree is known near Victoria Valley, but 
I have not seen it. 

* ** Notice of the Occurrence of Hydatella, a Genus new to the New Zealand Flora,’* 

by T. F. CShee&eman, F.LS. : Trans, N.Z. Inst., vol. 39, p, 433. 
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Up to the present the Peria gum-hills, a tract of barren comitry tra- 
versed by the road fi'orn Maiigonui to Kaitaia, is the only known New Zea- 
land habitat of the sedge [jcpidospenna filifonne. 

Another plant of only one known habitat in the Dominion is the grass 
Imperata arundhweea, one of Mr. K. H. Matthews’s finds. Viola Lyallii^ a 
dainty httle violet, occurs sparingly in Ihe district. It is usually found in 
damp shady situations. It has been reported from Kaitaia, Flat Bush, and 
not far from the Double Crossing Bridge between those localities. It pro- 
bably occurs elsewhere in suitable situations, but may easily be overlooked. 

Oalium vmbrosum, a small usually prostrate plant, often forming large 
green matted masses in woods, is peculiar hero for its rarity. In many 
places it is one of the most common species, but so far it has only been 
noticed in Victoria Valley, Flat Bush, and the Tauroa, and only a few plants 
have been seen. 

Myosotis spathulatOy, a small forget-me-not, has up to the present been 
foimd only in Kaitaia. The leaves of this plant, one of Mr. R. H. 
Matthews’s fuids, is more rounded and less spathulato than is usually the 
case, but this species is very variable. 

In referring to the ferns, I omitted to mention Trichomanes strictum. 
So far as is at present known, this is one of the rarest ferns in the district. 
The only place where I have seen this species in the Mangonui County is 
on the moorland lying north from Kaitaia. Tiie few plants I saw were 
growing on the edges of potholes ” — t.e., small pits from which gum has 
been dug — a rather unusual situation. I believe one plant was found in 
a small wood in the same neighbourhood. 

Orchids. 

There are twenty-one genera of orchids in New Zealand, divided into 
fifty-seven species. Of these, four species are epiphytic, as are most of the 
orchids of the tropics, and the rest are terrestrial. Our orchids do not by 
any means equal their tropical congeners in gorgeousness of colouring or 
eccentricity of form, though many of them are beautiful, but, as a rule, small. 
Of the twenty-one genera, we have eighteen in this district; of the fifty- 
seven species, we have thirty-five. 

Botanists are greatly indebted to Mr. R. H. Matthews, of Kaitaia, 
for the careful and useful work ho has done in this section of botany. To 
Mr. Matthews is due the discovery in the Mangonui district of Bulbophyllum 
tuberculatum, Thelymitra ixioides, T. iMermedia, Pteroslylis micromega, P. 
harbaia, Caleana minor, Calochilus paludosus, Cnladenia minor var. exigua, 
Chiloglottis jormicifera, Corysanihes Cheese manii, C. Matthewsii, and Gas- 
trodia sesamoides. 

The epiphytic orchids which are, as a rule, found on the branches of 
tall forest-trees are JDendrobium Cunninghamii, a difiusely branching plant, 
with stems like miniature bamboos, narrow leaves, and white or pinkish 
flowers ; Earina, two species, with rather heavily scented flowers ; Bulbo- 
pkyllum, two species, both tiny plants, with leaves issuing from pseudo- 
bulbs, from the base of which grow the flowers. Of these, B. tuberculatum 
is much more rare than the other. Sarcochilus, a rather thick-leaved plant, 
is plentiful on the upper branches of trees, and not infrequently on the 
trunks. 

The terrestrial species are foimd in various situations. Spiranthes occurs 
in swamps in several localities. Thelymitra, of which there are eight or 
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nine species in New Zealand, is represented in iliis distiict by live or six 
species (I understand a now spe(‘ies was discovered by Mr. Matthews this 
year). Most ol these arc moorland-plants. The flowej*s of this genus aie 
less like the generally accepted idea of orchids than any other. The genus 
is remarkable from the lip being (|uitc free from the column and resembl- 
ing the petals and sepals, so that the perianth has little of the irregular 
appearance of an orchid, but rather resembles that oL an Ixia or a Sisy^ 
rinchhim."^'^ Of the Thelymitrae the most showy and one of the most 
common is T. fulchella^ easily distinguished by the large blue-purple fiowern. 
r. ixioides and T. sp. nov. are the rarest of the genus. What I take to be 
Berggren’s T. intermedia is not imcommon on old clay landslips and hill- 
sides. 

Orthoceras, which is not uncommon on dry banks, is rather a curious- 
looking plant. The flowers, which grow in the form of a spike, bear a general 
lesemmance to a number of grasshoppers climbing up a stick. Microtis 
'porrijolia, a common orchid in almost all situations, beam a close resemblance 
to the nest genus, Prasophylhun, of which there are two species in the district. 
Both are moorland-plants, and not uncommon. I think the one now in- 
cluded under P. CoJe^nsoi^ will prove to be a different species. Mr. Cheese- 
man, referring to it in a letter, says, Your plant is not quite identical 
with the southern plant, but until a very careful comparison can be made 
of the structure of the flowers . . . they are best kept together.” 

CaUana minor, a rare plant, is found on baixen-looking moorland near 
Blaitaia. ‘‘A most remarkable little plant. Tlie column is horizontally 
placed, forming a broad pouch ; the lamina of the lip, when at rest, is 
elevated by the slender elastic claw, and swings directly above it. When 
an insect alights on the lamina it overbalances, shutting up the insect 
within the concavity of the column.”! 

The flowers of Pterostylis^ of which we have five out of the eleven species 
found in the Dominion, are also insect-traps ; they are in form like boat- 
shaped hoods. P. Banksii and P. graminea are common in forests, and 
P. trulIifoUa plentiful on moorlands and dry open ridges in the bush, 
P. mkrmnega is a rare swamp-orchid ; P. harhata, another rare plant. So 
far the latter two are only knowir in this district near Kaitaia. Acianthus, 
a very small plant, is one of the commonest orchids we have ; it is Tisually 
found in humus in the bush. Cyrtosiylis, a small delicate orchid, is not 
uncommon ; usually on dry ridges. Cahchilus paludosus is aiiother rather 
rare orchid ; Kaitaia is one of the six places in the Dominion from which 
it has been reported. On clay hills from Kaitaia to Fairbum occurs a 
slender form of Caladenia 7ninor, which Mr. Cheeseman has distinguished 
as var. exigua. Another of Mr. Matthews’s discoveries was ChilogloUis 
fonnidfera, previously only known from eastern Austrab'a, C. comuta also 
occurs, but is not common. 

Of Corysauthes, six of the seven species occur. The flower resembles 
a helmet in shape, and is, as a rule, of a deep-purple colour. They are 
all shade-loving plants. In the Manual C. Gheesemmii is reported from 
Kaitaia ; vicinity of Auckland ; Westport.” This is a small plant, easily 
overlooked, and probably not uncommon in open bush and scrub throughout. 
I found a few specimens at Mauku, in Mamikau County ; it occurs also in 
Fairbuxn, but is rare. Of C. MaUhewsii, originally found at Kaitaia, I 

* “ Manual of New Zealand Flora,” p. 668. 
p. 677. 
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have specimens gathered by Mr. A. Thompson at Aponga; it is not tm- 
common on mossy slopes near Fairbnrn. (7. ohhnga is not uncommon on 
clay banks and slopes. (I rivulan^, in my opinion the handsomest of the 
genus, is very local; so far I have only seen it in one spot in Mangonui 
County, between Fairburn and Peiia. 0. rotundifolia is plentiful, though 
rather local ; its favourite habitat is on banks of bush-creeks, or on rocks 
in the bed of the creek. C, triloba, which in many places in common, is 
rare in this district ; Mr. Ma'ttliews found two or three specimens, young 
plants only, near Kaitaia. 

Gastrodia sesamoides was found by Mr. Matthews near Kaitaia and 
Tauroa, the only places in Mangonui County from which it has been re- 
ported. 

Ferns and Allies. 

Of ferns and alhed plants there are in New Zealand about 156, of which 
ninety-nine are in Mangonui County. The majority of these arc more or 
less common from the North Cape to the Bluff, but a few are worthy of a 
word or two, for one reason or another. 

Loxsoma CunningJiamii, as a rule rather a rare fern, is fairly plentiful 
in several localities, though there arc often considerable areas from which 
it is absent. Lomaria Banksii, a very local plant, occurs sparingly on the 
west coast. In dark ravines from near Fairburn towards Hokianga I have 
found L. nigra, not previously reported from north of Whangarei. As- 
fknium jafoniemn occurs in considerable quantity on alluvial banks of 
streams in Fairburn, and less plentifully near Kaitaia. Nephrodium unitum, 
at one time supposed to occur only in the thermal regions (in New Zealand), 
is not uncommon in swamps, generally near the sea, but inland at Lake 
Tangonge along with N. Thelypteris. The rarer N. molle was also discovered 
by Mr. Matthews near Mangatete. In sandy guUies and other suitable 
places, never far from the sea, Todea barbara is plentiful. This is a very local 
plant in New Zealand, occurring only from Whangaroa northward. It is a 
very different-looking plant from Todea hymenophylloides and Todea superha, 
the fronds of which are filmy. These belong to the section Leptopteris, 
Todea barbara reminds one of the royal fern, Osrtiunda regains, of the 
Northern Hemisphere. The para {Marattia fraxinea) is not uncommon in 
gulhes in the Maungataniwha Ranges. 

Lycopodium Drummondii, already referred to, so far as is known has only 
one habitat in New Zealand, near Kaitaia, where Mr. H. B, Matthews 
rediscovered it, probably at the same spot where Mr. Colenso originally 
collected it in 1839. The rare and curious lycopod Psilotum triquetrum 
was collected by Mr. R. H. Matthews near feingaunu Harbour and at 
Merita Bay, the only places north of Rangitito Island, Auckland, from 
which it is recorded. 

Plants suitable bob Cultivation. 

I regret that I have not yet been able to explore the two highest points 
in the county — ^viz., Raetea and Maungataniwha. I have seen something 
of the spurs leading from them, and I hardly think that the height of Raetea 
(2,436 ft.) justifies om* expecting any very marked change in the plant 
covering ; but, still, it would be of some interest to be sure on this point. 

There are certain plants in the district which from their beauty of foliage 
or flower, or for the sweetness of their perfume, are worthy of a place in our 
gardens. Several of the species of Pittosporum are already well known in 
cultivation. P. virgaium would be a very interesting plant owing to the 
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remarkable cbangcs tlirough which the leaves pass from the young to the 
mature state. 

Hibiscus trionum and H. dvoersifolius are both well worthy a place m 
the flower-garden, more especially so that they are becoming rarer each year, 
cattle destroying them to such an extent that where at one time they were 
plentiful now they are unknown. 

Entelea arborescens, with its large leaves and liinidboine flowers, is a flne 
addition to the shrubbery. 

On the clay hills in many parts the large corymbose panicles of bright 
yellow or cream-coloured flowers of Pomaderris elliptica lend colour to the 
landscape in September. The flower-buds of this plant form in December 
and take till September before they open. The fruit is ripe about November. 

For the wild garden, any almost of the difl^erent species of Metrosidet'os 
(rata-vines) would be suitable, particularly M. alhifiora, with its large green 
leaves and wide-spreading panicles of white flowers ; or M, diffusa, with 
bright-crimson flowers ; or M, florida, with its orange-red (sometimes yellow) 
flowers. 

Place certainly should be given to the various forms of Alseuosmia, the 
true honeysuckle of New Zealand. In my opinion, the scent of this flower 
is more delicious than that of any other indigenous plant. Nor is scent the 
only recommendation, for the shining leaves and the flowers themselves are 
attractive to the eye. There are four species : A. macrophylla, with leaves 
3-7 in. long, and crimson (sometimes white) flowers 1-2 in. long ; A, qu&rci- 
folia, simikr, but smaller ; A, Banksii and A. linanifoUa, smaller and 
smafler still. There are certain forms of Aheuosmia which a mere beginner 
can place at a glance as typical, but there are so many forms intermediate 
between the various species that hardly two botanists in a dozen will agree 
as to which species predominates in the particular specimen. Another 
remarkable feature of this plant is the curious imitative faculty it possesses 
in its leaves. I have specimens whose leaves in shape, though not in size, 
have a striking resemblance to those of a great many other plants, among 
which may be mentioned the oak, hawthorn, Myrtua hullata (the bubbled ” 
leaves being exactly imitated), Hedycarya, PiUosporum pinieleoides (type, 
and var. reflexum), tawa, taraire, Coposma of various species, &c. 

Colensoa physaloides, with its large light -green leaves and racemes of- 
large pale-blue or purple-blue flowers, is suitable for shaded rockeries. It 
grows readily from seed in damp sheltered situations. 

Ipo7mea pahnata, with its graceful twining stems and white or purple 
oonvolvulus-hkc flowers, is, I think, already included in the lists of flower- 
seeds. 

Veromoa, ^mcrocarpa and F. diosynaefoJia form handsome shrubs. 

Either of the species of MueJilmhechia would be useful in covering an 
unsightly comer, owing to rapidity of growth and abundance of foliage. 

One of our handsome conifers, especially in the young state, is the 
kawaka {Lihocedrus Doniana), It will do well in the open, if not exposed 
too much to the wind. 

Flokistio Details. 

In the subjoined catalogue of the indigenous plants of the southern 
portion of Mangonui County, flowering-plants and ferns (including lycopods), 
will be found the names of 538 species. Compared with ^e number of species 
in the Dominion as shown in the introductory part of the Manual, this seems 
rather a poor showing. The number there given for New Zealand, including 
the Kermadec and Chatham Islands, is 1,571 species, so that the plants 
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of this district represent one-third of the total number for the Dominion, 
I think, when we consider how rich and varied is the plant covering of the 
South Island when compared with that of the North Island, we may conclude 
that 538 species is not so bad.” 

Of the 97 natural orders of plants known in New Zealand 86 are found 
in this district, divided into 251 genera. 

Of the 86 orders, the larg(\st are Filiees, with 99 species ; Cyfcraceae, 51 ; 
Orchidaceae, 35 ; Grnmiupae, 31 ; Comfosilae, 30 ; Ruhiaccae, 21 ; Myrtaceae 
and Ldiaceae, li each. 

Of the genera, the largest are Coprosma, with 16 species; Carex, 14; 
Pittosporum and Hymmophjllnm, 10 each ; Lomaria and Polypodium, 9 
each; Epilobium, Aspleniwn, and Juncus, 8 each; Metrosideros, Scirpus, 
and Oladiwn, 7 each. 

Catalogue of the Flowering-plants and Ferns observed in the 
Southern Mangonui District. 

[N.B. — ^Thc initials “ T. F. 0.” indicate that the plant appears in the Manual, but 
that I have not louml it in the locality named.] 

Ranumulaceav, 

Clematis in divisa Willd. Common throughout. 

„ foetida Kaoul. Ahipara ; Broad wood ; Fairburn. 

„ parvifiora A. Cunn. Common in hilly country. 

Ranunculus hirtus Banks & Sol. Abundant, 

„ „ var. ehngalus Cheesm. Common in wet places. 

„ rimlaris Banks <fe Sol. Common in wet places. 

Rammculus acaulis Banks & Sol. Brackish-water marshes and moist sandy 
shores; plentiful. 

Magnolicuxae. 

Drimys axillaris Forst. In forests, Fairburn ; Victoria Valley. 

Drimys axillaris var. (pps. intermediate between above and D, color ata 
Raoul). Kaitaia ; rare. 

Cruciferae, 

Nasturtium palustre D. C. Not uncommon in w-et places. 

Cardamine Mrsuta L. Plentiful in damp land. 

„ stylosa D. C. Kaitaia ; Fairburn ; rare. 

Violaceae, 

Viola Lyalin Hook f. Flat Bush, Kaitaia ; not common. 

Melicytus ramiflorus Forst. Abundant throughout. 

„ macrophyllus A. Cunn, Common in hilly bush. 

„ micraifUhus Hook. f. Common in lowland forests. 

HymenantJiera latifolia Endl. Mount Camel. T. F. C. 

Pittosporaceae, 

Pittosporum tenuifoUwn Banks & Sol. Abundant. 

Pittosporum BucJiamni Hook. f. Kaitaia and Mangonui. (This has not 
been seen in the district since Buchanan's visit.) 

Pittosporum obcordatum Raoul. Near Kaitaia ; rare. 

Pittosporum virgatum T. Elirk. High country near Kaitaia ; coast south 
of Mangonui. T. F. C. 



208 


Transactions. 


Pittos^oi'um crassifoliuw A. Cunn. On coast and small islands ; rare. 

Pitlosporum umbellatum Banks & Sol. Mangonui Harbour and coast. 
T. E. C. 

Pittos'parum Kirkii Hook, f. Maungataniwha Range. 

„ corni folium A. Cunn. Abimdant in forests. 

„ <pmeleoides R. Cunn. In hilly forests, chiefly among kauri. 

„ cugenioides A. Cunn. Orirni ; not common. 

Caryoj)hyl1accae. 

Stelhria parviflora Banks & Sol. Not uncommon. 

Cohbcmthus Billa/rdieri Eenz. West coast (R. H. Matthews). Reported 
from Houhora by Mr. Buchanan. T. F. C. 

Elatinaceae. 

Elatine americana Arn. var. australiensis Benth. Muddy places on margins 
of swamps and rivers ; not uncommon. 

Malvaceae. 

Plagiardhus divaricatus Eorst. Abundant in salt-water marshes. 

„ cymosus T. Kirk. Near Kaitaia ; rare. 

„ hetulimis A. Cunn. In damp lowlands ; common. 

Hoheria populnea A, Cunn. Abundant in lowlands. 

Hibiscm trionum L. Sheltered places near the sea. Rapidly disappearing. 
„ diversifolius Jacq. Moist sandy places near sea ; rare. 

TUiaceae. 

Enteka arborescem R. Br. Not uncommon. 

Aristotelia racermsa Hook, f. Abundant. 

Elaeoca/rpus dmtatus Vahl. Plentiful throughout. 

„ Hookerianus Raoul. Kaitaia ; rare. 

Linaceae. 

Linum monogynum Eorst. Along the coast ; not common. 

Oeraniaceae. 

Geranium dissectum L. var. austrak Benth. Abundant. 

„ micTophyllum Hook. f. On dry open land ; not \mconimon. 

„ molle L. Common throughout. 

Pelargonimn amtraU Jacq. Common throughout. 

OmUs comiculata L. Abundant. 

„ magellanica Eorst. Mangonui and Kaitaia. T. F. C. 

Rutaceae. 

PhAaUum nudum Hook. Throughout the district, but rare. 

Melicope t&mata Eorst. Plentiful. 

„ „ var. Mcmiellii Kirk. Kaitaia and Victoria Valley. 

„ simplex A. Cunn. Plentiful in places. 

MeUaceae. 

Eysax^hm spectahtk Hook. f. Abundant throughout. 
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Olacinaceae. 

Pennantia corymhosa Forst. Common in lowlands. 

Phamnaceae, 

Pomaderris elliptica Lab. Common on clay tills. 

jj phylicae folia Lodd. Plentiful on moorlands. 

Sapindaccae, 

Dodonea viscosa J acq. Plentiful. 

Alectryon exceJswn Gaertn. Common tlirougtout. 

Anacardiaceae, 

Corynocarpus laevigata Forst. Abundant near sea ; less common inland. 

Coriariaceae, 

Coriaria ruscifolia L. Common througtout. 

Leguminosae, 

Carmichaelia australis R. Br. Common. 

Sophora tetraptera Mull. Not uncommon in damp woods. 

llosaceae. 

Buhus australis Forst. Abmidant. 

„ cissoides A. Cuim. Not common. 

„ schmideKoides A. Cunn. Plentiful. 

Acaena novae-zealandiae T. Kirk. Not uncommon. 

„ Sanquisofhae Vatl. Abundant. 

Saxijragaceae, 

Quintinia serrate A. Cunn. Kaitaia ; Mangonui. 

Ixerba brexioides A. C^mn. Atipara and Maungataniwlia. T. F. C. 
Carpodetm serratus Forst. Margins of swamps and lowland bush. 

Ackama rosae folia A. Cunn. Plentiful. 
l^eimlanma sylvicola Sol. Abundant. 

Crassulaceae, 

Tillaea Sieberiana Schultz. Sandy places on coast ; common. 

Droseraceae, 

Drosera pygmaea D. C. In sandy peat near the sea, scattered ; and inland 
from Kaitaia to Tauroa, 

Drosera spathulata Labill. Wet moorlands ; common. 

„ binata Labill. Moorland swamps ; common. 

„ auriculata Backh. Open hillsides ; abundant. 

Baloragidaceae. 

Haloragis alata Jacq. Generally distributed. 

Haloragis tetragyna Hook. The typical form and var. diffusa common on 
moorlands. 
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Haloraqis depressa Walp. Throughout the district. 

„ micrantha E. Br. Common on moorlands. 

MyriopTiyUum intermedium D.C. Abundant in rivers, lakes, and wet land. 

Myriophyllum rohustuw Hook. f. Kaitaia. R. H. Matthews. I have not 

seen it. 

Myriophyllum pedunculatum Hook. f. Moist sandy places near sea : not 
uncommon. 

Gunnera monoica Raoul. Fairburn and Peria ; rare. 

„ arenaria Cheoscm. Wet sand-dunes along west coast. 

Callitriche verna L. Streams and lakes ; not uncommon. 

„ Muelleri Sond. Moist shady places ; abundant. 

Myrtaceae, 

Leptospermum scoparimn Forst. Abundant. 

„ ericoides A. Rich. Common throughout. 

Metrosideros florida Sm. Common in forests. 

,, albiflora Sol. Common in hilly bush. 

„ diffusa Sm. Not imcommon. 

,, hyperkifolia A. Cunn. Abundant. 

„ robust a A. Cunn. Common in forests. 

„ tomentosa A. Rich. Plentiful along the coast. 

„ scandens Sol. Abundant. 

Myrtus bullata Sol. Common. 

„ Ralphii Hook. f. Tauroa ; rare. 

„ obcordata Hook. f. Tauroa ; common. 

„ pedunculata Hook. f. Fairburn and Kaitaia. 

Eugenia maire A. Cunn. Swampy forests ; common. 

Onagraceae. 

Epilohiwn pallidifiorum Sol. In swamps ; plentiful. 

„ chionanthum Haussk. Ahipara ; Waihi. 

„ Billardierianum Ser. Not uncommon ; usually near coast. 

„ junceum Sol. Abimdant. 

„ pubens A. Rich. Plentiful. 

„ alsinoidcs A. Cunn. Plentiful in places. 

„ rotu ndi jolium Eovst. Damp places; abundant. 

„ nummularifolium R, Cunn. Plentiful. 

Epilobium nummularijolium var. pedunculare Hook. f. Common on creek- 
banks. 

Epilobium nummularifolium var. nerteroides Hook, f. On hillsides ; com- 
mon. 

Fuchsia excorticatq Linn. f. Abundant throughout. 

„ proeumbens, Sandy and rocky places near sea ; rare, 

Passifloraceae. 

Passiflora tetrandra Banks & Sol. In lowland Tvoods ; not uncommon. 

Ficaceae. 

Mesembryemthemum australe Sol. Abundant on rocky coasts. 

Tetragonia expansa Murr. Not uncommon on the coast. 

„ trigyna Banks &; Sol. Tauroa ; not common. 
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Umbelh'ferar. 

Ilydrocotyle elonyafa A. Cuiiii. Mangoiiui ; f Hirbutii ; Kaitaia. 

,, ameiicann L. Not iincommoji. 

pferocarpa F. Mu oil. Common in Avct land. 

,, novnr-zvalandiav D. C. Almndaiit. 

„ moschata Forat. (’ommon on hillsidos. 

,, asiafica L. Abundant throughout. 

Apium prostratutp Lab. (Wm\on on ahoToa. 

Apium prostrafuw var, fl/ifnnne Clieeam. Occasionally inland; common 
on shore. 

Crantzia Imeata Nutt. Abundant in wet sand on coast. 

Baums hrachiatus Sieber. Throughout the district ; not common. 

Araliaceae, 

Panax Edgoleiji Hook. f. Hilly forests ; not uncommon. 

„ anomalmn Hook. Not uncommon ; usually in hilly forests. 

„ arboremn Forst. Not uncommon. 

Scheffera digit ata Forst. Abundant in damp gullies. 

Pseudopanax Tjessonii C. Koch. On coast ; not uncommon. 

Pseudopanax crassifolium 0. Koch var. unijoliatum T. Kirk. Abundant in 
forests. 

Pseudopanax crassifolium var. trifoliolatum T. Kirk. A few scattered trees 
only. 

Pseudopanax feroa T. Kirk. Tauroa ; rare. 

(^ornaceae, 

Corokia buddleoides A. Cunn. Not uncommon ; usually in kauri forests. 

„ Cotoneaster Eaoul. Tauroa ; in woods. 

„ pps. n, sp. Tauroa ; in woods ; rare. 

Caprifoliaceae, 

Alseuosmia macrophjlh A. Cunn. Abundant in hilly bush. 

„ querci folia A. Cunn. Abundant in hilly bush. 

Banksii A. Cimii. Abundant in hilly busli. 

., limriifolia, A. Cunn. Not uncommon in hilly bush. 

Bubiaceae, 

(U)prosma grandi folia Hook. f. Abundant. 

„ liccida Forst. Plentiful. 

„ Baueri Endl. Common on sea-cliffs. 

„ robusta Raoul. Abundant throughout. 

„ Cunninghamii Hook, f. Common in damp lowlands. 

„ arhorea T. Kirk. In high woods ; common. 

„ spatkulata A, Cumi. In hilly bush ; common. 

„ roiundifolia A. Cunn. In lowland woods ; common. 

„ areolaia CTieesem. Plentiful. 

„ tenuicaulis Hook. f. Not uncommon. 

,, fhamnoides A. Cumi. Abundant. 

parvifora Hook. f. Abundant in lowlands. 

„ rigidk Cheesem. Abundant in lowlands. 

„ acerosa A. Cunn. Abundant on sand-dunes. 
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Transactions, 


Coprosma p7opinqua A. Gunn. Common in damp placeb. 

„ Kirhii Chcesm. West coast ; rare. 

Neriera Cunninqhmnii Hook. f. Creek-banks and wet rocks ; rare. 

,, dickondrae folia Hook. f. Abundant in woods. 

„ setiilosa Hook. f. Kaitaia and Ahipara ; rare. 

Qallwn tenuicaule A. Chum. Damp woods and swamps ; common. 

Galium unih'osum Rol. Tauroa ; Victoria Valley : Flat Bush ; not com- 
mon. 

Com positac. 

Lagenophom Forster i D. C. Abundant throughout. 

Lagenopihora pctiolata Hook. f. var. minima Cheesem. Mangonui tind Fair- 
burn. 

Lagenophora pinnatifida Hook. f. Tauroa ; rare. 

A. -Ccawn. Moorlands, Fairburn and Kaitaia. 

Olearia furfuracea Hook. f. Commo^n along coast. 

„ Cunninghamii Hook. f. Abundaiat in woods. 

angulata T. Kirk. Near the coast, Ahijiara, Tauroa. 

„ Solandri Hook. f. Plentiful near coast, rare inland. 

GnapJialnm Keriense A. Cunn. Bides of streams ; not imcommon. 

„ luteo-album L. Abundant throughout. 

„ japonicum Thunb. Abundant throughout. 

„ collinum Lab. Common. 

Helichrysiun glomerafum Benth. & Hook. Tauroa ; in woods. 

Cassinia retorta A. Cunn. Abundant on coast. 

„ „ var. approaching C, leptophjlla. In woods at Tauroa. 

Siegeshedkia otientalis L, Common. ( 

Bidens pilosa L. On coast, Mang onui, Tauroy,. 

Coiula coi'onopifoUa L, Plentiful iVw^trpiat?os. 

„ australis Hook. f. Fairburn ; Mangonui ; not common. 

„ 7ninor Hook. f. Dripping clifis at Waihi. T. F. C. 

Centipeda orbicularis Lour. Common in wet land. 

ErecMites prenarOhoides D. 0. Common throughout. 

„ arguta D. C. Common throughout. 

scaberuh Hook. Generally distributed. 

„ quadridentata D. C. Generally distributed. 

Brachyglotti s repa ndsjuE^T^t. Common throughout. 

Senf^MtnXtuT^l, On the coast ; common. 

„ KirTiii Hook. f. Common in forests. 

PiGi'is hieracioides^ L. Common in open dry lands. 

Sonchus asper Hill. Common throughout. 

„ oleraceus L. Common throughout. 

Goodeniaceae, 

SelUera radicans Cav. Abundant in salt marshes. 

Campcmulaceae, 

Colensoa pJiysahides Hook. f. Mount Camel ; Merita Bay ; gullies near 
Ahipara ; Toatoa Gully ; Herekino ; Maungataniwha Eanges. 

Pratia (mgulata Hook, f. Banks of streams ; rather local. 

Lobelia anceps Linn. f. Common throughout. 

JVahlenbergia gracilis A. D. C. Generally distributed ; most plentiful near 
the sea. 
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Ericaceae, 

GauVheria autipoda Forat. Comniou. 

Epacridacene. 

Cyathodes acerosa R. Br. Plentiful ilirou^liout. 

L^opogon fasciculaius A. Rirli. Abiuidant in open laud. 

„ Fraseri A. Cunii. Common in open country. 

Epacris paucifiora A. Eich. Common in open country. 

Dracophyllum latifolium A. Ciinn. Plentiful in hilly foreatb. 

„ Urvillcanum A. Ri(*h. PlentiCul in open country. 

Primulaceae, 

Samolm repem Pers. Common along the coast. 

MyrshYia>Cjeac. 

Myrsine salicina Heward. (Jominon in forests. 

„ Unnllei A. D. C. Common in forests. 

„ divaricata A. Cunn. On muddy allu\dal banks of Lower Awaiiiii. 

Sapotaceae, 

Sideroxylon costatum F. Muell. Mount Camel, a])undant ; several places 
on coast. 

Oleaceae. 

Olea Gunninghamii Hook. f. Not uncommon throughout. 

„ Icmceolaia Hook. f. Plentiful in forests. 

„ montana Hook. f. Maungataniwha Range ; Fairburn ; rare. 

A pocynaceae, 

Parsonsia heterophylh A. Cunn. Common throughout. 

„ capsularis R. Br, Not uncommon. 

Loganiaceae, 

ireniostonia ligusti ijolium A. Cunn. Abundant. 

Boraginaceac. 

Myosotis spatkulaia Forst. Kaitaia ; rare. 

Convolvulaceae* 

Jpomoea pahnata Forst. Along coast ; common. 

Calystegia sepium R. Br. Abundant throughout. 

„ iuguriorum R. Br. Plentiful in damp lowland woods. 

„ Soldanella R. Br. Plentiful on sandy shores. 

Calystegia margmata R. Br. Fairburn, not uncommon ; Kaitaia, rare ; coast 
near Mangohui. 

Dichondra reperhs Forst. Common. 

Solanaceae, 

Sohnum nigrum L. Abundant throughout. 

„ a/oiculare Forst. Abundant throughout. 
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Tianuictions. 


Scro ph ulanaceac, 

2Iimulus re 2 )ens R. Br. Brackisli- water swamp at Waimimiha ; rare. 
Mazus pumilio E. Br. Wet places, Aliipara ; Kaitaia ; AVaihi ; near Awanui. 
Gratiola peruviana L. Wet places ; not uncommon. 

GJo8sosti(fma elatinoides Bcntli. Common in wet places. 

LimoselLa tenuifolia >Salt marslies ; common. 

Teronica salici folia Forst. Common lliiouuhout. 

„ macrocarpa Valil. Mangonui. T. F. C. 

„ diosmae folia R. Cunu. Not uncommon ; usually near the sea. 

„ pleheia R. Br. Open situations throughout ; common. 

Lentihulari aceae, 

Ufricularia protmsa Hook. f. Lake Tangonge ; near Kaitaia. 

„ novae-zcala/ndiae Hook. f. Swamps on Lake Ohia ; at Kaitaia. 
TJtricularia delicatula Cheesem. Moorland swamps, Kaitaia ; Peria ; Manga- 
tete ; Rangaxmu Harbour. 


Gcsneraceae. 

Ehabdothamnus Solandri A. Cunn. Abundant. 

Mijoporaceae, 

Myoporum laeium Forst. Plentiful, especially on coast. 

Verbenaceae, 

Vitex lucens T. Kirk. Plentiful throughout. 

Avicennia officinalis L. Mangonui Harbom* : Rangaunu Harbour ; Ho- 
houra Harbour. 

Lahiatae. 

Mentha Cunninghamii D. C. Common in damp places, especially near the 
coast. 

Plantaginaceae. 

Plantago Paoulii Deciie. Common in moist places, especially near the sea. 

Illecebraceac, 

Scleranthus hi floras Hook. f. Not luicommon in diy places near the sea. 

A marantaceae, 

Alternanthera sessilis E,. Bt, Oruru ; near Awanui ; Tauroa. 

CJienopodiaceae, 

Chenopodium glaucum L. Brackish-water marshes ; common. 

„* amhrosioides L. Maori cultivation at Parapara. 

„ carinatum R. Br. Near Mangonui. T. F. C. 

Atriplex patula L. In wet sand, Tauroa. Probably an immigrant. 
Ehagodia nutans R. Br. Houhora. T. F. C. 

Salicornia australis Sol. Abundant along shores. 

Suaeda maritima L. Salt marshes in Mangonui Harbour. T. F. C. 

Ealsola Kali L. Spreading rapidly along coast. Almost certainly an immi- 
grant. 
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Pohjqonaceae, 

Polyqomim amculare L. A})undanl in moist places. Most probablv an 
immigrant. 

Polygonum serrulatum Lag. Al)undant on muddy banks of creeks and m 
swamps. 

Bumex fpxuosus Sol. Not un(*ommon in open countiy. 

Muehlenbecl'ia mistralis Mcissn. Abundant. 

,, compJcjra Moiasn. Abundant on shores, less so inland. 

Pi peraccae. 

Piper excelsmn Forst. Common throxighout. 

Peperomia Endlicheri Miq. Generally distributed. 

Monimiaceae, 

Iledycarya arhorea Forst. Abundant in forest. 

Laurelia novae-zealandiae A. Cunn. Common in wet land. 

Lanraceae. 

Bcilschmiedia tarairi Benth. & Hook, Abundant. 

„ tawa Hook. t. Common in forests. 

Litsaea calicaris Benth. & Hook. Common in forests. 

Cassytha paniculata E. Br. Abundant in tea-tree ; always near the se.i, 

Protenceae. 

Persoonia ioiu A. Cunn. Throughout the district, but never plentiful. 
Knightia excelsa E. Br. In forests ; common. 

Thymeleaceae, 

Pinielea virgala Valil. Not uncommon ; usually near the sea. 

„ arenaria A. Cunn. Abundant on sandhills. 

„ laevigata Gaei*tn. Common on moorlands. 

Loranthaceae, 

Loranthus micranthus Hook. f. Near Kaitaia. 

Korthalsella salicornioides Van Tiegh. Near Kaitaia. 

Santalaceae, 

Fusa/nus Cunningham ii Benth. & Hook. Common throughout. 

Euphorbiaceae, 

Euphorbia glauca Forst. Common on sandy shores. 

Urticaceae. 

Paratrophis hetcrophylla Blume. Abundant. 

Urtica incisa Poir. In damp shady places ; common. 

Elatost&mma rugosum A. Cunn. In damp shady places ; abundant. 
Parietaria debilis Forst. Not uncommon on coast. 

Fagaceac, 

Fagus fusca Hook. f. Between ICaitaia and Mangatete. One tree reported. 
I have not seen it. 
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Trau sad ions. 


Coni ferae, 

Agatlm australis It^alisb. Formerly abundant, becoming less so each season, 
Lihocednis Doniana Endl. licatterod throughout the forests ; never plenti- 
ful. 

Podoenrpus tofara D. Don. Plentiful in hilly forests. 

,, nalUi T. Kirk. Not common in hilly forests. 

„ ferruyineus D. Don. Common in forests. 

„ spicatus R. Br. Not uncommon. 

Fodocarpus dacrydioides A. Rich. Abundant in lowlands ; not uncommon 
in hilly bush. 

Dacrydium cupressinuni Soland. Abundant. 

Dacrydium Colensoi Hook. = D. westlandicum Kirk. Near Fairburn, one 
tree (lull grown) and a lew young ones ; Victoria Valley, one tree ? 
Fhyliocladus trichomanoides D. Don. In hilly forests ; not uncommon. 

Orchidaceae, 

Dendrohium Cunninghamii Lindl. On upper branches of trees ; common. 
Bulbophyllum tuberculatum Col. On upper branches of trees, Kaitaia and 
Fairburn ; probably not uncommon throughout. 

Bulbophyllum pygmaeum Lindl. On branches and stems ol trees ; common. 
Earina mucronata Lindl. A common epiphyte. 

„ suaveolens Lindl. Less common than above. 

Sarchochilus adversus Hook. f. On trunlcs and branches of trees ; (‘ommon. 
Spiranthes australis Lindl. In swamps. Kaitaia ; Waipapakauri ; Ranga- 
unu Heads. 

Thehjmitra ixioides Swz. Klaitaia, common ; near Victoria Valley, rare. 

„ longifolia Forst. Moorlands ; common. 

,, intermedia Bergg. Kaitaia ; Fairburn ; not uncommon. 

„ pulchella Hook, f. Moorlands ; common. 

,, i'lnberbis Hook, f. Moorlands ; not uncommon. 

Vrthoceras stratum R, Br. Not uncommon throughout. 

Microtis porri folia R. Br. Plentiful. 

Prasophyllum Colensoi Hook. f. On clay hills ; not uncommon. 

,, pumilum Hook. f. On clay hills ; not uncommon. 

Calcana minor R. Br. On clay hill, Kaitaia ; rare. 

Pterostylis Banksh R. Br, Abundant in forests. 

Pterostylis graminea Hook. f. Fairburn ; vicinity of Kaitaia ; not un- 
common. 

Pterostylis micromega Hook. f. Kaitaia ; rare. 

Pterostylis trullifolia Hook. f. Dry ridges in forest, and on moorland; 
common. 

Pterostylis barbota Lindl. In damp soil among Leptospermum, near Kaitaia; 
rare. 

Acimihus Sinclairii Hook. f. Abundant in forests. 

Cyrtostylis oblonga Hook. f. Scattered throughout the district, 

Calochilus paludosus R. Br. Kaitaia ; rare. 

Caladenia minor Hook. f. Moorlands and open scrub ; common. 

„ „ var. eocigua Cheesem. Kaitaia ; Fairbum. 

Chiloglottis cornuta Hook. f. Kaitaia ; Fairburn ; not common. 

„ formidfera Fitzg. Kaitaia ; rare. 

Corysmthes Cheesemanii Hook. f. Kaitaia ; Fairburn. 

„ Matthewsii Cheesem. Elaitaia ; Fairburn. 
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Corytanthes oblonga FTook. /. On damp clay banks throughout. 

Coujsanthcs rivularis Hook. J. Fcnrbiim, in wet pai*t oi open loiest ; not 
common. 

Co)ysanthcH rotund ifoh'a Hook. i. On rocks and creek-banks ; not un- 
common. 

(b)ysanthrs tnloba Hook. f. Kaitaia ; rare. 

Gastrodia fiesarnoidrs R. Br. In bhadod gully n(‘ar Kaitaia, rare ; edge of 
swamp, Tauroa. 

// idacear. 

Lihertia ixioides 8preng. Abipara. T. F. C. 

„ (jrnndiflora Sweet. Throughout the district, but local. 

,, puhJiella Sprong. In hilly forests ; not common. 

Liliaceae, 

llhi'pogonum scandms Forst. Plentiful throughout. 

Cordyline terwinalis Kunlh. Represented by two plants in Mrs. Reed’s 
garden at Abipara, originally growing on the clife behind the house. 

Cordyhne Banksii Hook. f. In places plentiful, but absent fi‘om large 
areas. 

Cordyline australis Hook. f. Abundant in lowlands. 

„ 'pumilio "Kook, i. Ridges in forests and on moorlands ; (ommon, 

Astelia Cmninghamn Hook. f. Usually epiphytic ; abundant. 

„ Banksn A. Cuiin. Cliffs, Hohoura and Rangaunu ; not common. 

„ trinervia T. Kirk. Chiefly in kauri forests ; abundant. 

Solandri A. C^nn. Abundant in forests. 

Astelia nervosa Banks & Sol. =r A, grandis Hook. f. Hot uncommon ; 
usually in kauri forests. 

Astelia sp. ined. A very small plant, not yet identified, ripe fruit not 
having been seen. On trunks and branches ; not uncommon. 

Dianella intermedia Endl, Common on dry banks. 

Phormium tenax Forst. Lowland swamps, abimdant ; hilly bush, occa- 
sional plants seen. 

Arthropodium cirrhatuw R, Br. High ranges and sca-clifls : common. 

J uncaceae, 

Juncus pallidus 'R, Br. Fairburn ; Broadwood ; rare. 

,, paucifloo'us R. Br. Abipara ; Kaitaia ; probably not uncommon. 

„ effusus Linn. Abundant, especially in low-lying country, 

Juncus maritimus Lam. var. australiensis Buchan. Brackish-water marshes, 
common ; inland swamp near Kaitaia. 

Juncus hufonius Linn. Abundant in wet places. 

Jufneus tenuis Willd. A troublesome weed ; has spread greatly. Probably 
an immigrant. 

Jtmous planifoUus R. Br. Plentiful in wet places. 

Juncus lampocarp-us Ehr. Has spread rapi^y during the last three or four 
years. A doubtful native. 

iMzukb campestris D. C. Scattered ; nowhere common. 

Palmae. 

BhopahstyUs sapida Wendl. & Drude. Abimdant. 
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Ti'a)isacUo7is. 


Pandanacear, 

Freycinetia Bmiksh A. Cinui. In woods ; abundant. 

Typhaceae. 

Typha anyustijolia L. Abundant in marshy places. 

Spargmnum antipodum Graebner. In swamps ; abundant. 

Lmmceae, 

Lemna minor Linn. Still waters in maritinio marshes ; common. 

Naiadaceae, 

Triglochin striatum Ruiz & Pav. var. fililoUwn Buch, Maritime marshes ; 
common. 

Potamogeton polygonijolius Pourr. In muddy places ; not common. 

Potamogeton Cheesemanii A. Bennett. Abundant in streams, lakes, and 
swamps. 

Potamogeton ochreatus Raoul. Kaitaia River ; common. 

Ruppia maritima Linn. Brackish-water lagoon. Waimimiha. 

Zostera mna Roth. Houhora Harbour. 

Zoster a tasmanica Martens. Common in hai hours and on mud-covered 
rocks ; Reef Point. 

Centrolepidaceae. 

Hydatella inconspicua Cheesem. Sandy raargiii of Lake Ngatu. 

Restio/ceae. 

Lepyrodia Traversii P. Muell. Swamp near Lake Tangonge ; Kaitaia ; rare. 

Leptocarpus simplex A. Rich. Salt-water marshes and sandy shores ; 
abundant. 

Hypolaena lateriflora Benth. In swampy land, Kaitaia ; Houhora ; Lake 
Ohia, 

Vyperaceae. 

Kyllinga brevifoNa Rottb. Abundant in damp lowlands. Has spread 
rapidly. 

Gyperus teneUus Linn, f. Abundant throughout. 

„ vegetus Willd. In damp lowlands ; abundant. 

Marisciis ustulatus C. B. Clarke. Abundant in lowlands. 

Bleocharis sphacelata R. Br. Swamp ; common. 

Ehocharis neo-zealandica C. B. Clarke. Damp sandy places near the sea ; 
not uncommon. 

Ehocharis acuta R. Br. In wet places ; abundant. 

„ Cunninghamii Boeck. In wet places ; abundant. 

Scirpns hyiticularis Poir. Submerged in Lake Tangonge, Kaitaia. 

,, cernus Vahl. Maritime form abmidant ; inland form not common. 

Sdrpus inundaius Poir. vars. ^najor and gracillima. Both abundant in wet 
places. 

Scirpus nodosus Rottb. Sand-dunes ; abundant. 

„ froniosus Banks & Sol. Sand-dunes ; abundant. 

„ lacustris Linn. Margins of streams and lake ; abundant. 

„ niarUimus Idnn. var fluviatilis. Tidal creeks ; common, 

Sekoenus hreoifolius R. Br. Moorlands ; common. 



CARbH . — Flora of the Mangojiiii County. 


219 


Schoenus Tendo Banks & Sol. Mooilands ; (‘onimon. 

„ axillaris Poir. Swampy places ; common. 

„ apogov Roem. & Scliult. Man^onui. T. C. 

Cladium Sinclairii TIook. f. Sea-elifTs and banks ; common. 

„ a}ficulafum R. Br. Swamps ; common. 

,, qlomeraium R. Hr. Damp pLices on moorlands ; common. 

,, terctijoUum R. Br. Moorlands; abiuidaiit. 

,, Gunnii Hook. f. Moorlands and o])en woods ; not uncommon. 

Cladium junceum R. Br. Bra(*kish-\v'ater marshes, abmidant ; wet moor- 
lands near Kaitaia, common. 

Cladium capdlaceum V, B. Clarke. Moorlands ; not uncommon. 

Lepidosperma Into ale R. Br. Moorlands ; common. 

Lepidospomn filiforrue La bill. Mooilands, Peria. So far the only known 
habitat in Now Zealand. 

Gahnia setifolia Hook. f. Abundant throughout. 

„ paucifiora T. Kirk. In hilly forests ; abundant. 

„ xa/iithocarpa Hook. 1 . In hilly forests ; common. 

„ lacera Steud. In hilly foiests ; common. 

„ Gaudichaudii Steud. On dry banks ; common. 

TJneinia caespifosa Boott, In hilly forests ; common. 

„ australis Peis, Abundant. 

Vneinia sp. pps. intermediate beiw(‘en U. australis and U- riparia. In 
several pla(*es, but not c omnion. 

Vneinia leptostachja Raoul. Mangouui. T. F. C. 

„ riparia R. Br. var. Banhsii C. B. Clarke. Plentiful. 

Carex virgaCa Sol. Common in swampy places. 

„ secia Boott. Common in swampy places. 

„ inversa R. Br. Fairburn ; not common. 

5, suhdola Boott. Lowland swamps ; common. 

ternaria Forst, Abmdant. 

„ dipsacea Bergg. Flat Bush ; rare. 

„ testacea Sol. On the coast ; common. 

„ lucida Boott. Abundant. 

„ comans Bergg. On the coast ; not common. 

„ dissita Sol. Typical foim ; abundant. 

„ „ var, Lamberfiana Cheesom. Common. 

„ „ var. ochrosaccus Cheesem. Abundant. 

5, Solandri Boott. Ahipara and Mangonui. T. F. C. 

„ hreviculmis R. Br. Plentiful on moorlands. 

„ pumih Thuub. Plentiful on sand-dunes. 

„ Brownii Tuckemi. Near Lake Tangonge ; rare. 

„ pseudo-cyperus Linn. Abundant in lowlands. 

„ „ var. fascicularis. Common. 

Gramineae. 

Invperata arundinacea Cyr. var. Koenigii Benth. Hillside near Kaitaia. 

Zoysia pungens Willd. Abundant on sandy shores. 

Baspalum scrobiculatum Linn. Moorlands ; common. 

Faspalum digitaria Poir. Roadsides, and margins of streams and swamps; 
abundant and rapidly spreading. Most likely an immigrant. 

Paspahm distichum L. Salt marshes and rocks by the sea ; common. 

Isachne mstralis R. Br. Plentiful in swamps. 
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Transactions, 


Oplismenus unduktifolius Beauv. Abundant in forests. 

Spinijex Mrsutus LabiD. Abundant on sand-dunes. 

Microhem stipoides E. Br. Abundant in open places. 

,, avenacea Tfook. f. Abundant in forests. 

,, polynoda Hook. f. Small wood, Tauroa ; not common. 

Ilierochhc redolens E. Br. Hot uncommon in swampy places. 

Siipa teirtijolia Steud. Near tlie sea ; common. 

EcJiuhopogon ovatus Beauv. Not uncommon. 

Sporobolus mlicus E. Br. Abundant. As pointed out in ''Manual of Ihe 
New Zealand Flora,” p. 861, this is an immigrant. 

Beyeuxia Forsteri Kunth. Abundant in waste places. 

„ BilUiydieri Kunth. Near the sea ; common. 

„ avenoides Buck. var. hrachymtha Hack. Not uncommon. 

„ quadrisela Benth. Moorlands ; common. 

Bichehchne crinita Hook. f. Plentiful in open situations. 

„ sciurea Hook. f. Not common. 

Trisetum antarcticum Trin. Mangonui. T. F. C. 

Banthonia pilosa E. Br. Abmidant. 

„ seniianniihris E. Br. Abundant. 

Arundo conspicua Forst. Abmidant on sandhills on cost ; rare in inland 
situations. 

Ai'undo fulmda Buch. Creek-banks ; common. 

Poa anceps Forst. Not uncommon. 

„ seticulmis Petrie. Sand}’^ places near sea ; common. 

Festuca littoralis Labill. Sand-dunes ; plentiful. 

Agtopyrum muUiloruin T. Kirk. Common on coast. 


IlymetiophyUum rarum E, Br. On tree trunks and branches ; common. 
Hynienophyllum polymihos Swartz var. sanguinolentum Hook. Abrmdant in 
forests. 

HymenopJiyllnm australe Willd. In damp woods ; not common. 

„ dilatatum Swartz. In damp woods ; plentiful. 

„ demissum Swartz. In damp woods ; abundant. 

„ scabmm A. Eich. In damp woods ; common. 

„ fiaieUatum Lab. In damp woods ; common. 

Hymenophylluni subtilissimwn Kuiize. Chiefly on stems of Bicksonia and 
on damp rocks ; not uncommon. 

HymenopkijTlum tunbridgeme Smith. In woods ; abundant. 

„ muUifidum Swartz. In woods ; common. 

Trickomanes renifonm Forst. In woods ; common. 

Trichomams humile Forst. In woods, on damp rocks ; common on stems of 
Bicksoma. 

TricJimnanes vmosum E. Br. In woods ; common. 

„ strictum Menz. Kaitaia ; rare. 

„ ehngatum A. Cunn. Damp shaded banks in woods ; common. 
Loxsonia Ounninghamii E. Br, In woods and on banks of streams ; local. 
Cyathea deaiBxtLa Swartz. Abundant in woods. 

„ 'ineduUaris Swartz, Abundant in woods. 

Hemitelia Smithii Hook. Abmidant in woods. 

Bichsoma squarrosa Swartz. In damp woods ; abundant. 

„ l^nota Col. In hilly forests ; abundant. 
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Dmallia nome-zealandiae Col. On shaded crock-banks ; rare. 

Lindsaya Unearis Swartz. Moorlands ; common. 

Lindsaya trichomanoides Hook. f. and var. Lessonii Hook. f. Not iiu- 
common in hilly lorosis. 

Adimtum aethiopiount Linn. Plentiful in places, but local. 

Adiemtum diaphamim Bluine. Creek-banks and rocky places in woods ; 
common. 

Adiantmi hispidulum Swartz. On dry bankfc ; plentiful. 

„ afpne Willd. Abundant. 

„ juhmm Eaoul. In woods ; abundant. 

Hypolepis tenuifolia Bernh. In damp open situations ; abundant. 

„ distans Hook. Sevei'al places in woods ; not common. 

Cheilanthes Sieheri Kunze. Ahipara ; Kaitaia ; Mount Camel ; maritime 
rocks. 

Pellaea rotundifoUa Hook. Usually in damp lowland woods ; common. 

Pteris dquilina Liini. var. escuUnta Hook. f. Abundant. 

„ scaberula A. Rich. Abiuidant ; usually in dry open places. 

„ tremula R. Br. Abundant in woods. 

comans Forst. Along the coast ; not uncommon. 

„ macilenta A. Rich. In woods ; plentiful. 

„ „ var. penduh Cheesem. Common. 

„ indsa Thunb. Abundant. 

Lomaria discolor Willd. Abundant in woods. 

Lmnaria lanceolata Spreng. Creek - banks and damp slopes in woods ; 
abundant. 

Lomaria Banhsii Hook. Dripping rocks, west coast ; rare. 

„ capensis Willd. Abundant. 

„ ,, var, minor Hook. f. In kauri bush ; not common. 

„ fUjormis A. Cunn. Abundant in woods. 

Lomaria nigra Col. In dark ravines between Fairbum and Hokianga ; 
never plentiful. 

Lomaria fluviatilis Spreng. Banks of creeks ; not uncommon. 

„ mcfnihranacea Col. Banks of streams and shaded slopes ; common. 

„ Fraseri A, Cunn. In hilly forests ; abundant. 

Doodia media R. Br. On dry banks and slopes ; common. 

Doodia caudata R. Br. Damp lowlands, Kaitaia ; one plant among damp 
rocks in hilly bush, Fairborn. 

Asplenium fahatum Lam. Common in woods ; usually pendulous from trees. 
„ dbtusatum Forst. On maritime rooks ; not common. 

IwAdum Foist. Abundant on trees and rocks. 

,, „ var. obliquam Moore. Dry rocks and banks ; common. 

„ Hooherimum Col. Kaitaia ; rare and local. 

„ hulbiferum Foist. Abundant in damp woodt*. 

„ var. iripinnatum Hook. f. Not common. 

Asplenium flaccidum Foist. Forms pendulons from trees abundant ; terres- 
trial bulbiferous forms much less common. 

Asplenium umbrosum J. Sm. Alluvial flats ; abundant. 

Asplenium japonicum Thunb. Alluvial flats and creek-banks, Fairbum, 
common ; Kaiatia, rarer. 

Aspidium Pichardii Hook. Not uncommon on rocks, inland and maritime. 
„ capense Willd. Not uncommon in woods, often climbing up trees. 

Nephrodium Thelypteris Desv. var. squamuiosum ^hl. Maritime marshes, 
not uncommon ; swamp, Lake Tangonge. 
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Ncpdrodium decom'positwn R. Br. Damp open situations ; common. 

Nephrodmvi glalellum A. Cunn. Fairly dry slopes and creek - banks ; 
common. 

Nephodium velulitmm Ifoolc. f. Dry rocky slopes in woods ; not un- 
common. 

Neph odium hispidum Hook. Plentiful in woods. 

Kephrodium umium R. Br. Mariiinu^ marshes, marj>iii of Lake Tan^ongo ; 
not xmcommou. 

Nephrodium molle Dcsv. Near Mangatete ; rare. 

Pohjpodiwn punctatum Thunb. Common. 

,, pennige) U7n Abundant througliout. 

austrnh Mett. On tree-trunks ; common. 

„ granimitidis E. Br. On tree-trunks ; common. 

„ tenelhm Foi‘st. In damp lowland woods ; common. 

„ set pens Forst. On upper branches and rocks ; abundant. 

PoJypodivm Gnnnim/hamii Hook. On damp rocks and tree - trunks ; 
common. 

Poly podium pusfvlatum Forst. Abundant in woods. 

„ Bilim din i 'R. Br. Usually on trees or rocks ; abundant. 

Gleichenia circinatn Swartz. Throughout the distiici ; not common. 

„ diem pa R. Br. var. hecistophylla. Abundant on wet moorlands. 

„ Cunmnghami i "Plentitul in forest s. 

„ fldbellata R. Br. Damp moorlands ; not uncommon. 

Schizaea fistulosa Labill. Moorlands ; common. 

„ bifida vSwartz. Moorlands, Peria ; Kaitaia ; not t*ommon. 

„ dichotoma Bwartz. Kauri forests ; common. 

Lygodmm articulatum A. Rich. In forests ; abundant. 

Todea barbara Moore. On or near the coast, common ; inland, Kaitaia. 

„ hymenophjlloides A. Rich. In damp woods ; common. 

Marattia fraxima Smith. In deep gullies of the Maungataniwha Ranges, 
Herckino ; Parapara. 

OpJiioglossum lusitanicum Linn. Dry sandy places ; not common. 

Ophioglossim xmlgaUm Linn. Moist lowland bush and scrub; not un- 
common. 

Boirychiutn tematnm Swartz. Not uncommon. 

„ dissect um Mulil. Rangaunu Heads. 

Lycopodiaceae, 

Phylloglossum Dnmmondii Kunze. Barren open places, Kaitaia, and near 
Rangaunu Harbom. 

Lycopodium Billardieri Spring. Usually pendulous from trees, but often 
terrestrial among Leptospermum, 

Lycopodium densuni Labill. On moorlands among scrub ; common. 

Lycopodium ceniuum L. On moorlands, old land-slips, and roadside 
cuttings ; common. 

Lycopodium laterale R. Br. In peaty swamps ; common. 

lycopodium Drummondii Spring. Wet peaty swamp near Lake Tangonge ; 
il^taia. 

Lycopodium voJubile Frost. Abundant among scrub, 

Tmesipteris tannemis Bernh. Usually on the stems of tree - ferns ; 
common. 

Psilotim triquetrum Swartz. Rangaunu Harbour, and at Merita Bay. 
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Banmculus sceleratus Linn. 

,, repens Limi. 

,, hulhosus Linn. 

,, sardous Cruiitz. 

parviflorus Linn. 

„ muricatus Linn. 
Nasturtium officinale R. Br. 
Sisymbrium officinale Scop. 

Brassica oleracea Linn. 

Capsella Bursa-pastoris D. C. T. F. C\ 
Senebiera didyma Pers. 

„ coTonopus Poir. 

Raphanus sativus L. T. F. C. 

Silene gallica L. 

Cerastium glomeratum ThuilL 
Stellaria media Cyr. 

„ holostea Linn. 

Arenaria serpyllifolia Linn. 

Sagina apetala Linn. 

Spergula arvensis Linn. 

Polycarpon tetraphyllum Linn, 
Cahdrinia sp. 

Portulaca oleracea Linn. T. F. C. 
Hypericum perforatum Linn. T. F. C. 

„ humifusum Linn. 

Lavatera arborea Linn. 

Maha verticillata linn. 

Modiola mulitfida Moench. 

Li/num margi/naU A. Cunn. 

„ gallicum Linn. 
rodium cicutarium L’Herit. 

„ malachoides Willd. T. F. C. 

ViUs uimifera Linn. 

Meliantktts major Linn. 

Ul^ europaeus Linn. 

Medicago lupulina Linn. T. F. C. 

,, denticulata Willd. 

Willd. 

Melilotus officinalis Lam. T, F. C. 
Trifolium arvense Linn. 

pratense Linn. 
ghnieratum Linn. 
hybridum linn. 
repens Linn. 
fragiferum Linn. 
resupinatum linn. 
procumbens linn. 

Lotus cornieulatus Linn. 
uUginosus Schkuhr. 
angustissimus linn. 

Vicia gemella Crantz. 


Vida sativa Linn. 

Acacia dealbata Link. 

„ decurrens Willd. 

„ arm at a. 

Alhizzia lopantha Bontli. 

Prunus persica Stokes. 

Pubus fruticosus Linn. 

Fragaria vesca Linn. 

Alchennlla arvensis Scop. 

Rosa rubiginosa Linn. 

„ multiflora Thunb. 

Eucalyptus globulus La bill. (Blue- 
gum). 

Eucalyptus globulus Labill. (Ked- 
gum.) 

Lythrum Hyssopi folia Linn. 
Aenoikera sp. 

Apiuni graveolens Linn. 

„ leptophyllum F. Muell, 

„ Lessonii. 

Daucus Carota Linn. 

Sambucus niger Linn. 

Galium Aparime Linn. 

„ parisiense Linn. 

Sherardia arvensis Linn. 

Scabiosa maritima linn. T. F. C. 
Beilis perennis linn. 

Erigeron canadensis L. 

„ linifolius Willd. 

Gnaphalium purpureum Linn, 
Achillea millefolium Linn. 

Anthemis arvensis Linn. 
Chrysanthemum Parthenium Bernb. 

„ leucardhemum linn. 

Matricaria discoidea D. C. 

Soliva anthemifolia R. Br, 

Tanacetum vulgare Linn. 

Senecio vulgaris Linn. 

„ sylvaticus Linn. 

„ Jacobaea Linn. 

„ mikanioides Otto. 

Cnicus laruieolatus Willd. 

„ arvensis HofEm. 

Cynara cardunculus linn. 

Chicorium Intybus Linn. 

Lapsana communis Linn. 

Grepis virens Linn. 

Hypochaeris radicaia linn. 

Leontodon hispidus linn. 

Ta/raxacum offleinale Linn. 

Anagallis arvensis L. 
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Yiwia major L. 

Erythraea centau) ium Pcrb. 

Myosotis colli na Hoffm. 

Cmcuta ejpithjmum Murr. 
ioliis. (Doddci*.) 

Solamm sodomaeum Linn. 

Fhysalis peruoiana Linn. 

Lifcium chinense Mill. 

Nicotiann Tabacnm Limi. 

Verbasciim hlaUaria Linn. 

Mimulas sp. (Musk.) 

Linaria Elatine Mill. 

Veronika agrestis Linn. 

„ arvmsis Linn. 

„ serpyllifolia Linn. 

Bartsia viscosa Linn. 

Verbena ojficinalis Linn. 

„ bonarie)hsis Linn, 

Mentha viridis Linn. 

„ Pulegiim Linn. 

MeUssa ojficinalis Linn. 

Prunella vulgaris Linn. 

Stachys arvensis Linn. 

Plantago major Liiui. 

„ lanccolata linn. 

„ hiiieJla H. B. K. 

Chenopodium album Linn. 

„ murale Linn. 

Phytolacca octandra Linn. 

Polygonum Convolvulus Linn. 

Rumex crispus Linn. 

„ sanguineus Linn, var. viridis. 

„ obtusifolius linn, 

„ acetosella Linn. 

Hahea acicularis R. Br. 

Ewphofrhia Peplus Linn. 

Ricinus conmuyiis Linn. 

Ilumulus Lvpulus Linn. 

Ficus carica Linn. 

Salix fragilis Linn. 

„ bdbylonica Linn. 


Iris (jormanica linn. 

Jntholyza aethiopica Linn. 
Agave americnna Linn. 
Jspliodelus ftsfulosus Linn. 
Allium vincalc Linn. 

(Udocasia aniiquorum Schott. 
Richardin njricnna Knnth. 
([gperus Jucidus R. Br. 
Amiropogon annulatus Foi’hI. T 
Pas pal urn dilatatum Poir. 

1 Panicum sanguinale Linn. 

I ., crus-galli Linn. 

I Sfenotaphrum glabrum Trin. 

' Phalaris canaricnsis Linn. 

^ Anthoxanthum odoratim Linn. 
Phleuni pralense Linn. 
Alopecurns pratmsis Linn. 
Pohjpogon fugax Neca. 

Agrostis vulgaris With. 

„ alba LiiiJi. 
llolcus lanatiis Linn. 

Aha caryophjttea Linn. 

A vena satwa Linn. 

„ strigosa Schreb. 

• ( Ujmdon Dactylon Pers. 

• Eragrostis Brownii Necs. 

I Briza maxima Linn. 

„ minor Linn. 

Dactylis ghmerata Linn. 

I Cynosurus cristatus Linn. 

I Poa annua Linn. 

I .. praicnsis Linn. 

„ trivialis Linn. 

! Festuca elatior Linn, 
j „ Myurus Linn. 

I Bromus sterilis Linn. 

1 „ mollis Linn. 

„ racemosa Linn. 

„ uYviohides H. B. K. 

I LoUum perenne Linn. 


• F.C. 
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Art. XXVITl . — Lhi oj Phanerogamic Plants Indigenous in the Wellington 

Province. 

By B. C. Aston, F.LC.. F.C.S. 

[Bend hefoie the Wellington Philosophical Socieli/, 5th Otiohert 1910.] 

No list of Wellington indigenous dowering-plants has been published since 
Buchanan (Trans. N.Z. Inst., vol. 6, p. 210), in 1873, pubHslied his paper, 
“ Notes on the Flora of the Province of Wellington.” In this he gives a 
list of all indigenous plants known to him, including the cryptogams. In 
Buchanan’s time the flora of the alpine poHion of the province was prac- 
tically unknown, and some of the alpine species included in his list were 
wrongly identified. Owing to the researches of the late T. Kirk, who from 
time to time discovered several new species ; T. F. Cheeseman Manual of 
the New Zealand Flora,” Wellington, 1906), who on three occasions visited 
the volcanic plateau ; D. Petrie ('* Visit to Mount Hector,” Trans. N.Z. 
Inst., vol. 40, 1907, p. 289) ; L. Cockayne Report of a Botanical Survey 
of Tongariro National Park,” Lands Department, Wellington, 1908) ; 
E. Phillips Turner ('* Report of a Botanic^ Examination of the Higher 
Waimarino District,” Lands Department, Wellington, 1909) ; and the 
WTiter (“ Botanical Notes on a Journey across the Tararuas,” Trans. N.Z. 
Inst., vol. 42, 1909, p. 13) tlie distribution of species has become bettt.r 
known, identifications have been corrected, new species have been described, 
and the ecology of certain districts has been worked out. Thus, though 
Buchanan enumerates only 476 species of phanerogams, tlie present list 
includes some 680, a fact which alone would warrant the publication of o 
revised list. 

Since this paper was read, the author, with Mr. J. S. Tennant, spent in 
January, 1911, a week exploring the Kaimunawa Mountains, lying to the 
south of the volcanic plateau. As a result of this visit it has been fomid 
necessary to widen the range in altitude of a number of species. It 
has, for instance, been quite common to find a plant growing 1,000 ft. 
above its accepted habitat, a fact which would point to the climate and 
ail conditions of that range being much more favourable to plant-life 
^an those of mountains of the same altitude elsewhere in the province. 
The results of the Kaimanawa visit have been largely embodied in this 
paper. 

The land-boundaries of the Wellington Province as defined in a map 
kindly supplied to me by the Lands Department, Wellington, are as follows : 
A straight line is drawn from the mouth of the Patea River to Pipiriki, 
on the Wanganui River, which is the natural boundary ixom this point to 
the 39th parallel. Follo-wing the parallel eastward, the northern boundary 
stops at the Ahimanawa Range, a little to the west of the Township of 
Tarawera. From this point to the Manawatu Gorge the boundary runs 
south in almost a straight line through the Kaweka Range, but foUowiug 
at the southern end the axis of the Ruahine Range. From the Gorge the 
8— Trans. 
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boundaiy follows the Manawatu Eiver eastward to its southernmost point, 
and then strikes ofi to the coast at the mouth of the Waimata Kver. 
Wellington Province consists of the country lying from the south of the 
boundary to the coast. 

The author has made full use of the information conttiined in the works 
of Cheeseman, Petrie, Cockayne, and Turner. Wliere a halhtat has not 
been verified by the author the authorily for its inseifion has been given. 
For the rarer plants the actual habitat has been g»ven. For those loss 
common the typo of country or altitude it inhabits is recorded. For the 
commonest merely the names and dates of flowering are stated. The names 
of the months refer to the dates of fiowcriiig, which have generally been 
verified by the author. Tlie term volcanoes ” refers to the volcanic 



Map op Sotjthbrn Part op North Island. 

(Dotted lino showH the boundary' of Wellington District.) 

plateau, including Euapehu (9,175 ft.), Tongaiiro (6,458 ft.), and Ngaumhoe 
(7,516 ft.). In deference to the wishes of the Publication Committee, the 
trivial and Maori names of species have been omitted. 

Finality in any respect is, of course, impossible. The author merely 
wishes to place on record what is known of a flora which even in the so- 
called reserves is rapidly changing through the attacks of wild rabbits, pigs, 
horses, and cattle. It is hoped at some future date, when the northern 
and eastern portions of the province have been more fully colored, to 
correlate in some degree the quality of the soil with the quality of the 
flora. 

The author desires to thank Dr. D. Petrie and Mr. T. F. Cheeseman 
for their many kindnesses, especially in identifying plants and supply- 
ing dried specimens from their herbaria, and for much valuable inform- 
ation. 
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List of Phanerogamic Plants Indigenous in the Wellington Province. 

1. Ranunculaceae. 

Clematis indivisa Willd. Aug. -Nov. Ascends to 2,500 ft. 
hexase'pala D. C. Scpt.-Nov. Marton. 

Colerbsoi Hook. f. Nov. -Jan. On dry hillsides. Ascends to 3,000 ft. 
'pcMrviflora A, Cmm. Oct. -Nov. Ascends to 1,500 ft. 
marata Annst. Bi‘pl.-Nov. Near Wanganui (Allison). 

Myosurus arisMus Benth. Palliser Bay (Col.) ; ocean-beach, Wellington 
(Buch.). 

Ranunculus insiqnis Hook. f. Dec.-Jan. Volcanoes ; Tararua and Ruahine 
Mountains. 4,000-5,000 ft. 

Monroi Hook. f. Dec.-Jan. Tararua Mountains (Buch.). 

nivicola Hook. Dcc.-Peb. Volcanoes ; Kaimanawa Mountains. 3,000- 

6.000 ft. 

geraniifoUus H >ok. f. Oct.-Dec. Ruapehu and Tararua Mountains ; 

Tongariro (T. F. C.) ; Hauhangatahi (Spencer). 2,000-5,500 ft. 
tenuicaulis Choescm. Mount Holdsworth (Cock.). 
hirtus Banks & Sol. Oct.-Jan. Ascending to 4,000 ft. 
recens T. K. Levin Beach. Coastal. 
lap'paceus Smith. Nov.-Mar. Ascending to 4,500 ft. 
macropus Hook. f. Dec.-Jan. Wainuiomata (Buch.). 
rivuhris Banks & Sol. Oct .-Mar. In swamps and creeks. Ascends to 

4.000 ft. in Kaimanawa Mountains and volcanoes. 
acaulis Banks & Sol. Sept.-Nov. Coastal. 

CaUha novae-zealandiae Hook. f. Oct.-Jan. Ruahine and Tararua Moun- 
tains. 2,500-5,500 ft. 

2. Magnoliaceae. 

Dfimys axillaris Forst. Oct.-Dec. Ascending to 3,500 ft. on Kaimanawas. 
colorata Raoul. Nov.-Dee. Ascending to 4,000 ft. on volcanoes. 

3. Cruciferae. 

Nasturtium palustre D. C. Nov.-Dee. Upper Wairarapa (Buch.). 
Cardamme hirsuta Linn, Flowers throughout the year. Ascending to 5,000 ft. 
Lepidium oleraceum Forst. Near Terawhiti, and sparingly round the coast. 
ohtusatum T. K. Oct. -Feb. Port Nicholson (T. K.). 
tenuicaulc T. K. var, minor Checsem. Nov.-Jan. Titahi Bay. 

4. Violaceae. 

Viola filicaulis Hook. f. Nov.-Feb. Ascending to 4,000 ft. 

Lyalin Hook. f. Oct.-Jan. Ascending to 4,000 ft. 

Gunninghamii Hook. f. Oct.-Jan. Ascending to 5,000 ft. 

Melicytus ramiilorus Forst. Oct.-April. Ascending to 3,000 ft. 

kmceolatus Hook. f. Tararua Mountains. Ascending to 2,600 ft. a 
Waimarino. 

micffomilms Hook. f. Dec.-Feb. Upper Wairarapa (Buch.). 
Hymmarathera orassifoUa Hook. f. July-Aug. Blufe on Onetapu Desert, 
3,500 ft. ; base of Ruapehu. Usually coastal. 
dmMa R. Br, var. angmtifolia Benth. Upper Rangitikei (Petrie) ; 

Turangaarere (Hamilton) ; volcanoes, 4,300 ft. (Cheesem.). 
olovata T. K. Nov. Titahi Bay. Considered by Cheeseman to be 
intermediate between E, crassi folia and H. obovata, 
chathamica T. K. Sept.-Oct. Patea (Hector). 
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5. Pittosporaceae. 

Pittoaforuim temifolmm Banks & Sol. Oct .-Nov. Ascending to 3,000 ft, 
Colensoi Hook. f. Oct.-Nov. Upper Eangitikei (Buch.) ; base of 
Tongariro, Wnimarino Forest (T. F. C.). Ascends to 3,500 ft. on 
Kairnanawas. 

Buchanani Hook. f. Wolhngtou (T. K.). 

rigidum Hook. f. Dec. Riiahine and Tararua Mountains, 3,500- 

4.000 ft,; volcanoes (Cock.). 

Ralfliii T. K. Oct.-Nov. Upper Wanganui (Field) ; Patea (T. K.). 
Ei/rkti Hook. f. Dec.-Jan. Ohakune, at 2,000 ft, (Turner). 
cornifolium A. Cunn. June-Sept, Epiphytic. Ascending to 2,800 ft. 
eugemoides A. Cunn. Sept.-Oot. Ascending to 1,000 ft. at Waimarino. 

6. Caryophyllaceae, 

Gtj'psophila tuhulosa Boiss. Cape Palliser (Col.). 

Stellaria 'parviflora Banks & Sol. Ascending to 4,000 ft. 

Cohhanthus Billardieri Fenzl. Ruabine, Kaimanawa, and Tararua Moun- 
tains. Ascends to 4,500 ft. 

Muelleri T. K. Usually coastal. 

Spergularia media Presl, Oct.-Feb. Coastal. 

7. Portulacaceae. 

Claytonia australasica Hook. f. Ruabine , volcanoes ; Kaimanawa and 
Tararua Mountains. Ascending to 6,500 ft. (T. F. C.). 

Montia fontana Linn. Ascending to 4,000 ft. 

8* Elatinaceae. 

Elatine americma Ain, var, australiemis (Bentli.). Muddy places and 
margins of still waters, 

9. Hypericaceae. 

Hy'pericum grarmneum Forst. Ascending to 2,000 ft, 
ja/ponkum Thunb. Ascending to 3,000 ft. 

10, Malvaceae. 

Plagicmthus dimricatiis Forst. Sopt.-Oct. Salt marshes. 

hetulinus A. Cunn, Nov.-Dee, Ascending to 2,500 ft. at Waimanno. 
Hoherm popuhea A, Cunn. Dec.-Feb. Ascending to 2,2(X)ft. at W«u- 
marino. 

11, Tiliaceae. 

Bntelea arhorescens R. Br. Nov. Cape Palliser and Paekakariki (T. K.). 
Aristotelia racemosa Hook, f, Sept.-Dee. Fruit, January. Ascending to 

3.000 ft. on Kaimanawa Mountains. 

Oolemoi Hook, f, Wairarapa Valley (Col.). Ascending to 2,600 ft. at 
Waimarino (Turner^. 
fmticosa Hook. f. Ascends to 4,000 ft. 

ElaeocarpiLs demtatus Vahl, Oct.-Nov. Ascending to 2,600 ft, at Pokaka 
(Turner). 

SookeffianuB Raoul. Nov.-Jan, Ascending to 3,600 ft. 

12, Linaceae. 

Idwum monogymm Forst. Oct.-Jan. 



Aston. — Phanerogamic Plants Indigenous in Wellington Province, 229 


13. Geraniaceae. 

Geranium dissectum Linn. var. australe Benth. Dec.-Mar. 
mkrofhyllimi Hook, f . Doc. Ascends to 3,000 It. 
sessihflormn Cav. Nov.-Doc. Ascends to 3,000 ft. 
molle Linn. Nov.~Feb. 

Pelargonium australe Jacq. Hov.-Fcb. Ascending to 2,000 ft. 

Oxalis cormculoita Linn. Flowers summer months. 
magellanica Forst. IsTov.-Dec. Ascends to 4,000 ft. 

14. Rutaceae. 

Meltccrpe ternata Forst. Sept .-Oct. 

terncUa var. Mantelhi Kirk. Little Mukumuku. 

sitn/plex A. Cunn. Sept.-Nov. Ascending to 3,000 ft. on Tongariro. 

15. Meliaceae. 

Dysoxylum spectabile Hook. f. Apnl-July. 

16. Olacinaceae. 

Pennantia corymhosa Forst. Nov.-Dee. Ascending to 2,6(K) ft. at Pokaka 
(Turner). 

17. Stackhausiaceae. 

Stackhausia minima Hook. f. Dec.-Jan. Waimarino, 2,700 ft, (Phillips 
Turner) ; volcanoes, 3,500 ft, (Cock., T. F. C.). 

18. Rhamnaceae. 

Pomaderris phylicaefoUa Lodd, Oct.-Jan. Pongaroa ; Cape Palliser ; Otaki. 

Discaria toumatou Raoul. Oct.-Dec. 


19. Sapindaceae. 

Bodonea viscosa Jacq. Nov.-Dee. 

AUctryon excels um Gaertn. Nov.-Dee. 


20. Anacardiaceae. 

Corynocarpus laevigata Forst, Rept.-Nov. Fruit, February. 

21. Coriariaceae. 

Goriaria ruscifolia Liim. Oct.-Dec, Ascending to 3,500 ft. 
thymifolia Humb. & Bonp. Ascending to 5,000 ft. 
angustissima Hook. f. Dec.-Jan. 1,500-4,000 ft. Ascends to 4,500 ft. 
on Kaimanawa Mountains. 

22. Leguminosae. 

Carmichaelia Enysii T. K. Dec.-Jan. Ruapehu (T. K.). 1,500-3,000 ft. 
ryma Col. Ruapehu. Ascends to 2,800 ft. 

odorata Col. Nov.-Jan, River-gorges of Ruahine and Tararua Moun- 
tains. Ascending to 2,500 ft, 

flagelliformis Col. Nov.-Jan. Ascending to 4,000 ft. on Kaimanawas 
and volcanoes (T. F. 0.). 

Sophora tetraptera J. Mull. Aug.-Oct. Ascends to 800 ft. at Kakahi 
(Turner). 
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23. Rosaceae. 

Buhus australis Forst. Sopt.-Oct. Ascends to 4,000 ft. on Kaimanawa 
Mountains. 

cissoides A. Ounn. Sept. -Nov. Ascends to 2,600 fi. at Waimarino. 
schnidvl hides A. Cunn. Oct. -Nov. Ast‘ends to 2,600 [t. at Waimarino. 
Gc\m urhanum Linn. var. strictum, Nov. Jan. Upper Wairarapa (Buch.). 
Ascending to 3,000 ft. 

'parvifloruni Sm. Dec.- Feb. Ruahine and Tararua Mountains. 4,000- 
5,000 ft. 

Potentilla anserina Linn. Dcc.-Jan. 

Acaena novae-zealandiae T. K. Nov.-Jan. 

Sanguisorbae Valil. Nov.-Feb. Ascends to 3,500 ft. 
microphylla Hook. f. Nov.-Jan. Ascends to 3,600 ft. 

24. Saxifragaceae. 

DonatiaThovae-zealandiae 'Kook. f. Dec.-Mar. 4,000-5,000 ft., Mount Holds- 
worth (Towiison), 

Carpodrtus serratns Forst. Nov.-Jan. Ascending to 3,000 ft. 

Weinmannia racemosa Linn, f. Dec.-Jan. Ascending to 3,000 ft. 

25. Crassulaceae. 

Tillaea moschaia D. C. Coastal. 

diffusa T. K. Miramar (T. K.); near Seatoiuj. Coastal. 

Sieheriana Schultz. Sept .-Jan. 

dehilis Col. Happy Valley Beach; Quoin, 1,000ft. 

purpurata Hook. f. Cape Palliscr (CoL), 

26. Droseraceae. 

Drosera stenopetala Hook. f. Dec.-Feb. Ruahine and Tararua Mountains. 
2,500-6,000 ft. 

Arctnri Hook. f. Ruahine Mountains (Col.) ; Kaimanawa Mountains. 
2,000-5,000 ft. 

spatulata Labill. Nov.-Feb. Volcanoes and Kaimanawa Mountains. 
Ascending to 5,000 ft. 

binata Labill. Nov.-Feb. Ascends to 2,500 ft. 
auriculata Backli. Oct.-Jan. Ascending to 2,500 ft. 

27. Haloragidaceae. 

Haloragis alata Jacq. Nov.-Jan. Ascending to 2,000 ft. 
tetragyna Hook. f. 

depressa Walp. Ascending to 2,600 ft. at Pokaka. 
miorantha R. Br. Ascending to 4,500 ft. on Kaimanawa Mountains and 
volcanoes. 

Myriophyllum elatinoides (Jaud. Nov.-Feb. Ascending to 3,600 ft. 
mtertnedium D. 0. Dec.-Mar. Ascending to 3,500 ft. 
pedunaulatum Hook. f. Dec.-Feb. Ascending to 3,000 ft. 
robustum Hook. f. Dec.-Feb. Ascends to 2,000 ft., Mungaroa (T. K.). 
Owmera monoica Raoul. Nov.-Jan. Ascends to 3,500 ft. 

prorepens Hook. f. Upper Wairarapa (Buch.) ; volcanoes (Cock.). 
dentata T. K. Dec.-Feb. Taupo (D. P.). 

a/renaria Cheesem. Levin Beach ; Waikanae to Patea (Cock.). Coastal. 
CattUricke verna Linn. Aquatic. 
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28. Myrtaceae, 

Leptospermum scoparium Forst. Oct.-April. Ascending to 5,00<) ft. on Kai- 
manawa Mountains. 

ericoides A. Eich. Nov.-Dcc. Ascending to 3,000 ft. 

Mefrosideros ftorida Sm. Feb.-Juiic. Ascending to 2,500 ft. 
lucida A. Rich. Doo.-Jan. Ascending to 3,600 ft. 
hypericifolia A. Chinn. Nov.-Jan. Ascending to 2,000 ft. 

Oolensoi Hook. f. Dec.- Jan. Ascends to 2,000 ft. at Ohakune (Turner). 
robusta A. Cunn. Dec.-Jan. Ascends to 3,000 ft. 
scandens Sol. Jau.-Mar. Ascends to 2,000 ft. 

Mi/}i:ibs hullafa Sol. Dec.-Jan. Ascends to 2,000 ft. 

Ralphii Hook. f. Dec.-Jan. Ascends to 1,500 ft. 
ohcordata Hook. f. Dec.-Jan. Ascending to 2,000 ft. 
pedunculata Hook. f. Dcc.-Jan. Ascends to 3,500 ft. on ELaimanawa 
Mountains. 

Eugenia maire A. Cunn. Mar.-May. Fruit, Jan.-Feb. Ascending to 
1,500 ft. 

29. Onagraceae. 

EpiJobium poUidiflormi Sol. Nov.-Feb. Ascending to 2,600 ft. at Pokaka 
(Tumor). 

chionanthum Haussk. Nov.-Feb. Ascending to 1,500 ft. 

Billardieranum Ser. Nov.-Feb. Ascending to 2,000 ft. 
erectum Petrie. Dec.-Jan. Ascends to 3,500 ft. on Kaimanawas. 
junc&um Sol. Oct.-Feb. Ascending to 3,500 ft. 
pvbens A. Rich. Oct.-Jan. Ascending to 4,000 ft. 
tenuipes Hook. f. Dec.-Jan. Mount Holdswortb (Cock.) ; Wairarapa 
Valley (Col.) ; Ruabine Mountains (Hamilton). Ascends to 3,500 ft. 
on Kaimanawas. 

Hectori Haussk. Dec.-Feb. Ruabine Mountains (Col.). 

CocTcaynianum Petrie. Tararua Mountains. 3,300-4,500 ft. 
ahinoides A. Cunn. Nov.-Feb. Ascending to 3,000 ft. on volcanic 
plateau, 

ehloraefoUvm Haussk. Dec.-Feb. Ruabine (Col., D. P.) ; Kaimanawa 
and Tararua Mountains. Ascends to 4,500 ft. 
insulare Haussk, Nov.-Feb. Ascending to l,0<M)ft. at Waimarino 
(Turner). 

rotundifolium Forst. Oct.-Feb. Ascends to 3,500 ft. at Kaimanawa 
Mountains. 

linnaeoides Hook. f. Nov.-Feb. Ruabine Mountains (Col.) ; Tararua 
Mountains (Bueb.). Ascends to 4,500 ft. 
nummularifolium R. Cunn. Jan. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

maoropm Hook. Dec.-Mar. 1,500-4,600 ft., Ruabine (Petrie, Andrews) ; 

Kaimanawa and Tararua Mountains (Bueb.) ; volcanoes (Cock.). 
gradlipes T. K. Dec.-Feb. Tararua Mountains (D. P.); Ruabine 
Mountains (Col.). 

melanocaulon Hook. Ruabine Mountains (Col.) ; Tauberenikau Valley ; 
Kaimanawa Mountains, 3,000 ft. 

microphyllum A. Rich. Dec.-Feb. Cape PaUiser (Col.) ; Orongorongo 
River (T. K.) ; Kaimanawa Mountains. Ascending to 3,000 ft, 
ghhellum Forst. Dec.-Feb. Ascends to 5,000 ft. 
glabellum var. erubesoens. Tongariro, 5,500 ft. (T. F. C.). 
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Fuchsia eo^rticataLimiA. Aug.-Dcc. Fiuic, January. Ascoiidb to 3,500 ft. 
on Kaimanawas. 

Golensoi Hook. f. Oct .-Feb. Ascends to ] ,500 ft. 

30. Passifloraceae. 

Passiflora tetrandra Banks k Sol. Nov.-Jan. Ascending* to 2,500 ft. 

32. Ficoidaceae. 

Mese7nhryanthemum aust7*ale Sol. Oct. -Mar. Coast <il. 

aequilaierale Haw. Dec. -Feb. Castlcpoiiit (T. K.). 

Tetragonia trigyna Banks & Sol. Oct.-Fcb. Coastal. 

33. Umbelliferae. 

Ilydrocotyle elongata A. Cimn. Nov. -Mar. Ascending to 2,000 ft. 
trypartita R. Br. Tongariro (Col. and Cock.). 
americana Linn. Oct.-Feb. Ascending to 2,000 ft. 
novaC’T^alandiae D. C. Nov. -Mar. Ascending to 4,000 ft. 
moschata Fov&t. Nov.-Mar. Ascending to 2,0(K) ft. 

7nicrophyl1a A. Cunn. Dec. -Feb. 

asiaiica Linn. Oct.-Mar. Ascending to 3,500 ft. 

Azorella Haastii Bonth. k Hook. Dec.-Fcb. Ruahinc Mountains (Hamil- 
ton). 2,000-5,000 ft. 

Ilooheri Dnide. Nov. -Feb. Ascends to 3,500 ft. on Kaimunawas. 
Erynqium ves^culosum Lab. Jan. Coastal. 

Apium prostratum Lab. Nov.-Mar. Coastal. 

Oreomyrrhis andioola Endl, Nov.-Feb. Ascending to 5,000 ft. on volcanoes 
(T. F. 0.). 

Ormtda linecda Nutt. Nov.-Feb. Ascends to 2,500 ft. 

Aciphylla Cohnsoi Hook. f. Dcc.-Jan. Rualiine (Hewlett) ; Kaimanawa 
and Tararua Mountains. Ascending to 5,000 ft. 
squarrosa Forst. Oct.-Jan. Ascends to 3,500 ft. 

Mm,roi Hook. f. Dec.-Jan. Mount HoldswortL (D. P.). 4,000 ft. 

n.s. Occuj’s on Quoin, Hector, HoldswortL, and Dundas. 3,500-4,000 ft. 
Ligusticum dissectwn T. K. Dec.- Feb. Tararuas. 3,500-4,000 ft. 

aromaticu7n Hook. f. Nov.-Feb. 1,500 7,000 ft. on Ruapehu (Cock., 
T. F. C.). 

Angelica Gingidium Hook. f. Nov.-Jan. Rare. Ascends to 4,(X)0ft. 
Waiouru Plain. 

geniculata Hook. f. Jun.-Feb. Wellington ; on dry billside near sea, 
Paekakariki (H. B. Kirk). 

rosae folia Hook. Oct.-Nov. Ruahine Momitains (Harding) ; Upper 
Rangitikei (Buch.). 

Daucus brachiatus Sieb. Oct.-Dec. 

34. Araliaceae. 

Panax sunplex Forst. Nov.-Jan. Ascends to 4,000 ft. 

Edgerl^i Hook. f. Jan.-Feb. Ascends to 2,500 ft. 
ammal^ Hook. Dec.-Feb. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

Binclcdrii Hook. f. Jan.-Feb. Ruahine Mountains (Col.) ; Karioi 
Mountains (T. F. C.) ; Kaimanawa Mountains. 1,000-3,500 ft. 
Oolensoi Hook. f. Dec.-Feb. 1,800-4,500 ft. 
arhoretm Forst. June-July. Ascends to 1,500 ft. 
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Schefftera digit ata Forst. Feb.-Mar. Ascends to 3,000 ft. 

Pseudopanax ciassifoUum Koch. Feb -April, i^cends to 2,600 ft. at 
Pokaka (Turner). 

35. Comaceae. 

Corohia Coioneaster Raoul. Nov.-Jan. Ascends to 3,000 ft. on Kaimanawa 
Mountains ; Upper Wairarapa ; Taihape (P. T.) ; Wanganui (Cock.). 
Griselinia lucida Forst. Oct.-Nov. 

littoralis Raoul. Oct.-Nov. Ascends to 3,500 ft. 

36. Caprifoliaceae. 

Alscuosmia macrophylla A. Cunn. Sept.-Kov. Tararua Mountains (D. P.). 
Ascends to 3,000 ft. 

guerdfoUa A. Cunn. Sept.-Nov. Waimarino (Turner). 

37. Rubiaceae. 

Co pros ma grand if olia Hook. f. April- June. Ascends to 2,500 ft. 
liLcida Forst. Sept.-Nov. Ascends to 3,200 ft. 

Baueri Endl. Sept.-Nov. Coastal. 

rohusta Raoul. Aug.-Oct. Ascends to 2,500 ft. 

(^unninghamii Hook. f. Aug.-Sept. Ascends to 1,000 ft. at Waimarino 
(Turner). 

tenui folia Choesom. Aug.-Sept. Kaimanawa and Ruahine Mountains 
(Col.) ; Upper Wanganui and' Rangitikei Valleys (T. K.) ; volcanoes 
(Cock.) ; Upper Wanganui River (T. F. C.). 1,000-4,000 ft. 
lotundi folia A. Cumi. Sept.-Oct. Ascends to 2,000 ft. 
areolata Chooscm, Sept.-Oct, Fruit, January. Ascends to 1,500 ft. 
tonuicanlis Hook. f. Sept.-Oct. (Buck.). Ascends to 1,000 ft. 
rhamnoides A. Cunn. Aug.-Oct. Ascends to 3,000 ft. 
pa/rviflora Hook. f. Oct.-Jan. Ascends to 4,5CK) ft. on Kaimanawas. 
rnmuhsa Petrie. Mount Hikurangi (D. P.) ; Mount Holdsworth. 2,500- 
5,000 It. 

Buchanani T. K. Oct. Tongue Point ; Happy Valley Bay. Coastal. 
crassi folia Col. Sept.-Nov. Ascends to 1,200 ft. 
rigida Cheesem. Sept.-Oct. 

rubra Petrie. Sept.-Nov. Maungatiriri River ; foot of Mount Holds- 
worth (D. P.). 

vircscens Petrie. Sept.-Oct. Wairarapa (Col.). Ascends to 1,500 ft. 
acerosa A. Cunn. Sept.- Nov. Ascending to 4,000 ft, 
propinqaa A. Cunn. Sept.-Oct. Fruit, April. 

Kirhii Cheesem. Coastal, near Maranui. 

linarii folia Hook. f. Kaimanawa Mountains. 3,000 ft. 

foetidissima Forst. Aug.-Oct. Ascends to 4,500 ft. 

Colensoi Hook. f. Nov.-Jan. Tararua and Kaimanawa Mountains, 

1.000- 3,500 ft. 

cuneata Hook. 1 Tararua, Kaimanawa, and Ruahine Mountains (Col.). 

2.000- 5,000 ft. 

microcar pa Hook. f. Tararua, Kaimanawa (ascending to 3,500 ft.), and 
Ruahine Mountains ; Day’s Bay ; volcanoes ; Kakaramea to Wai- 
marino (T. F. C.). 

depressa Col. Dec.-Jan. Ruahine Mountains (Col.) ; Kaimanawa Moun- 
tains (Cock.) ; volcanoes. 2,600-5,000 ft. 
repens Hook. f. Dec.-Jan. Tararua Mountains. Ascends to 6,500 ft. 
on volcanoes (T. F. C.). • 

Petriei Cheesem. Nov.-Jan. Volcanoes (Cock.). Ascends to 4,000 ft 
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Nertera depressa Banks & Oct -Jan. Eiiahine Mountains (Col.) ; 

volcanoes (T. F. C.). Ascends to 4, 000 ft. 

Cunninghamii TLook.i. Oct.-Jan. Cook Strait (Cheesem.). 
dichondraefoha Hook. f. Oct. -Dec. Ascends to 3,000 ft. 
setulosa Hook. f. Nov.-Jan. Wairarapa (Buck.) ; Wellington (T. K.) ; 
Tongariro (Cock.). 

Galium tenuicaule A. Cunn. Dec.-Max. Ascends to 2,500 ft. 

umhrosum Sol. Dec.-Mar. Ascends to 3,000 ft. 

Aspemla peipusilla Hook. f. Nov.-Jan. Ascends to 3,000 ft. 

38. Compositae. 

Laymophera Forsteri D. C. Oct.-Feb. Ascends to 3,000 ft. 

petiolata Hook. f. Nov.-Jan. Ascends to 4,000 ft. 

Brachycome Sinclairii Hook. f. Nov.-Jan. Ascends to 4,000 ft. 

odorata Hook. f. Inland Patea (Col.). 

Oharia Colensoi Hook. f. Dec.-Jan. Ruakine and Tararua Mountains; 
Mount Mattkews (Travers). 3,000-5,000 ft. 
nitida Hook. f. Nov.-Jan. Ascends to 4,000 ft. 
macrodonta Baker. Jan.-Feb. 1,500-4,000 ft. 
ilicifolia Hook. f. Jan.-Feb. Ascends to 4,000 ft. 

Cunninghamii Hook. f. Oct.-Dec. Ascends to 2,500 ft. 
excorticata Buch. Dec.-Jan. Tararua Mountains. 3,700-4,200 ft. 
lacunosa Hook. f. Dec.-Jan. Tararua Mountains. 3,700-4,200 ft. 
alpina Buch. Dec.-Jan. Tararua Mountains. 3,700-4,200 ft. (Avaiiety 
of tke preceding species, Petrie). 

nummular ifolia Hook. f. Volcanoes and Kaimanawa Mountains. 
2,000-5,000 ft. 

Forsteri Hook. f. April-May. Ascends to 1,500 ft. 
virgata Hook. f. Dec.-Jan. Feilding; volcanoes (Cock., Tumor). 
Ascends to 3,000 ft. 

Solandri Hook. f. Feb.-May. Ascends to 1,000 ft. 

Cehnisia imcma Hook. f. Dec.-Jan. Tararua Mountains (Buck.) ; Ruakine 
Mountains (Col.) ; Waimarino (P. T.) ; volcanoes (T. F. C.). 2,000- 

5,000 ft. 

spectabilis Hook. f. Doc.- Feb. Tararua and Kaimanawa Mountains ; 

volcanoes (T. F. C.). 2,000-5,000 ft. 
coriacea Hook. f. Dec.-Feb. Tararua Mountains (Buck.). 1,500-4,500 ft. 

(Tkis needs confirmation, as every recent botanist notes.) 
longijolia Cass. Nov.-Jan. Ascends to 5,000 ft. 

Hectori Hook. f. Jan.-Feb. Tararua Mountains (Budden). 4,500- 

5.000 ft. 

glandulosa Hook. f. Dec.-Jan. Upper Rangitikei (Buck.) ; Kaimanawa 
Mountains ; volcanoes. 1,500-4,500 ft. 

Tittadinia australis A. Rick. Nov.-Jan. Ascends to 3,000 ft. 

Gnaphalium Lyallii Hook, f. Nov.-Jan. Ruakine Mountains (Col.) ; Rimu- 
taka Mountains (T. K.). Ascends to 2,500 ft. 
trineroe Forst. Nov.-Dee. Rimutaka Mountains (T. K.). Ascends to 

2.000 ft. 

Kerieme A. Cunn. Oct.-Dec. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

subrigidum Col. Oct.-Dec. Makuri Gorge ; Wanganui Ascends to 

2,000 ft. 
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Gnaphalium Traversii Hook. f. Dec.-Feb. Tararua Mountains. 1,500- 

5.000 ft. 

paludosum Petrie. Dec.- Jan. EuaMne Mountains (Petrie) ; volcanoes 
(T. F. C., Hill). Ascends to 4,700 ft. on Kaimanawas. 
luteo-album Linn. Nov.-Mar. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

japonicum Thunb. Nov.-Jan. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

collinum Labill. Nov.-Mar. Ascends to 4,500 ft. 

RaouUa australis Hook. f. Oct. -Jan. Ascends to 5,500 ft. 

tenuicaulis Hook. f. Dec.-Jan. Eimutaka and Kaimanawa Mountains. 
Ascends to 5,000 ft. 

Hook. f. Dec.-Jan. Eimutaka and Tararua Mountains. Ascends 
to 4.000 ft. 

qrondiflora Hook. f. Dec.-Jan. 3,000-6,500 ft. All mountains, but not 
common on Kaimanawas. 

rubra Buck. Jan. Tararua Mountains. 4,200-5,200 ft. 

Helichrysum bellidioides Willd. Nov.-Feb. Ascends to 7,500 ft. on Eua- 
peku (Cock., T. F. C.). 

filicaule Hook. f. Dec.-Feb. Ascends to 4,000 ft. 
fasciculatum Buck. Tararua Mountains (Travers). 4,(X)0-5,(XX) ft. 
Loijanii T. K. Jan. Mount Holdswortk and Mount Hector ; Tararua 
Momitains. 4,000-4,5(X) ft. 

Leorvtopodimn Hook, f. Jan.-Feb. Euakine (Col.) ; Tararua and Kai- 
manawa Mountains ; Euapehu (scarce, T. F. C.) ; Haukangataki 
(Spencer). 4,000-5,200 ft. 

glomeratum Bentk. & Hook. f. Oct.-Jan. Ascends to 3,000 ft. on Kai- 
manawa Mountains. 

Cassinia leptopJiylla E. Br, Dec.-Feb. 

Vauvilliersn Hook. f. Dec.-Jan. Ascends to 5,000 ft. on Kaimanawa 
Mountains. 

fiilvida Hook. f. Dec.-Feb. (Buck.). Ascends to 3,500 ft* 

Craspedia uniflora, Forst. Dec.-Feb. Ascends to 5,0()0 ft. 

Cotula coronopifolia Linn. Oct.-Feb, In wet places. 
australis Hook. f. Sept.-Mar. 

minor Hook. f. Nov.-Jan. ? Titaki Bay (identification ^ uncertain, 
Petrie). Ascends to 2,500 ft. 
ptjrcihrifolia Hook. f. Dec.-Feb. Mount Hector. 5,000 ft, 
perpusilla Hook. f. Nov.-Feb. (Buck.). ? Kapiti Island (Cock.). Ascends 
to 4,500 ft. 

dioica Hook. f. Nov.-Feb. Ascends to 3, (XX) ft. 

Centipeda orbicularis Loui’. Jan.-Mar. Ascends to 2,000 ft. 

Abrotanella pusilla Hook. f. Euakine Mountains (Col.) ; Tararua Moun- 
tains. 3,900-5,000 ft. 

Erechtites prenanthoides D. C. Oct.-Jan. Ascends to 3,000 ft. 
argvAa I>,C, Nov.-Feb. Ascends to 2,500 ft. 
scaherula Hook. f. Nov.-Feb. Ascends to 1,500 ft. 
quadridentata D. C. Nov.-Feb. Ascends to 3,500 ft. 
divers if olia Petrie. Dec.-Jan. Base of Euapehu (D. P.). Ascends to 

3.000 ft, 

glahrescens T. K. Jan.-Feb. Upper Eangitikei (D. P.) ; Toiigariro 
(Cock.). Ascends to 4,500 ft. 

Brachyghttis rapanda Forst. Aug.-Oct. Ascends to 3,000 ft. on Kaimanawas. 
rangiora Buck. July-Sept. Shores of Cook Strait (Buck, and T. K.). 
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Scnecio lagopus Eaoul. Nov.-Jan. Ascends to 4,500 ft. 
lautus Forbt. Oct.~Nov. Ascends to 4,500 ft. 

Tunteri CLeesem. Nov.-Dee. Wanganui Eiver, near Pipii*iki. 
kUifolius Banks & Sol. Nov.-Feb. Abundant iu Makuri (-rorge. 

Ascends to 3,500 ft. on Kaimanawas. 

Kirl'ii Hook. f. Oct.-Dec. Ascends to 2,500 ft. 

Greyu Hook. f. Jan. On cliff-faces, Palliser Bay. Ascends to 1,5(K) ft. 
compactus T. K. Jan.-Feb. Castlepoint (T. K.). 

Adanisii Cbeesem. Jan.-Feb. Mount Holdswortb, 4,000 ft. 
elaeagnilolius Hook. f. Dec.-Feb. Ascends to 4,500 ft. 

Bidwillii Hook. f. Dec.-Jan. 2,500-5,500 ft. 

MicToseris Forsteri Hook. f. Dec.-Feb. Ascends to 4,000 ft. 

Taraxacum offiomale Wigg, Nov.-Feb. Ascends to 4,000 ft. 

Sonchus asper HiU. Spring to autumn. 
oleraceus Linn. 

39. Stylidiaceae. 

Phyllachie Colensoi Bergg. Dec.-Feb. 3,000-6,000 ft. 

Oreostylidium subulatum Bergg. Doc.-Mar, Ruabine Mountains (PiTor) ; 

base of Tongariro (Kirk). Ascends to 6,000 ft. 

Foratera Bidwillii Hook. f. Dec .-Mar. 2,500-6,000 ft. 
tenella Hook. f. Doc.-Mar. 1,500-4,500 ft. 

40. Goodeniaceae. 

Selliera radicals Cav. Nov.- Jan. Ascends to 3,500 ft. on Kaimanawas. 

41. Campanulaceae. 

Pratia angulata Hook. f. Nov.-Feb. Ascends to 4,500 ft. 

perpusilla Hook. f. Nov.-Jan. Between Rangitikei and Turakina 
Rivers (Cock.). 

Lobelia ancepa Linn. f. Nov.-Mar. 

Wdklenbergia gracilis A. D.C. Nov.-Feb. Ascends to 6,000 ft. 
saxicola A. D.C. Dec.-Feb. Ascends to 6,000 ft. 

42. Ericaceae. 

Gaultheria antipoda Forst. Ascends to 6,000 ft. 

perplexa T. K. Otaki. Ascends to 5,000 ft. on Kaimanawa Mountains. 
rupeatris R. Br. Nov.-Feb. Ascends to 7,000 ft. on Ruapehu (Cock.). 
jagijolia Hook. f. Jan. Waimarino (Turner). 1,000-2,000 ft. 
oppositifolia Hook. f. Nov.-Jan. Near Wanganui (Field). 500-3,500 ft. 

43. Epacridaceae. 

Pentaohondra pumila R. Br. Dec.-Feb. 2,000-5,000 ft. 

Cyathodes acerosa R. Br. Aug.-Nov. Ascends to 4,000 ft. on Kaimanawas. 
empetrifolia Hook. f. Nov.-Jan. Ascends to 4,500 ft. 

Colensoi Hook. f. Dec.-Jan, Volcanoes, Euahine (Col.) ; Tararua and 
Kaimanawa Mountains. 2,000-5,000 ft. 
pumila Hook. f. Tararua Mountains. 2,500-6,000 ft. 

Leucopogon fasdculatus A. Rich. Sept.-Nov. Ascends to 3,500 ft. 

Fraseri A. Cunn. Sept.-Jan. Ascends to 4,600 ft. 

Epacris alpina Hook. f. Dec.-Jan. Euahine and Kaimanawa Mountains. 
Ascends to 6,000 ft. Waimarino (P. T.) ; volcanoes. 
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Braccrphyllum recurvum Hook. f. Euahine Moxintains (Col.) ; volcanoes. 
Ascends to 5,000 ft. on Kaimanawa Mountains. 
hngifolium E. Br. Ascends to 4,500 ft. 

Urvilleanum A. Eich. Volcanoes ; Euahine, Tararua, and Kaimanawa 
Mountains. 2,500-4,500 ft. 

suhulatmi Hook. f. Nov.-Mar. Euahine and Kaimanawa Mountains ; 
Waimarino (P. T.). 350-3,500 ft. 

uniflorum Hook. f. Dec.-Mar. Tararua Momitains. 2,000-4,500 ft. 
rosmarinifolium E. Br. Dec.-Mar. Tararua Mountains (Buch.). 2,500- 
5,000 ft. 

44. Primulaceae. 

Samolus repetis Pers. Nov.-Jan. Usually coastal. 

45. Myrsinaceae. 

Myrsine sahcina Heward. Sept. -Dec. Ascends to 2,800 ft. 

Urvillei A. D.C. Mar.-April. Ascends to 3,000 ft. 
montana Hook. f. Euahine Mountains (Col.) ; Taihape (Cock). Ascends 
to 3,000 ft. 

divaricata A. Cunn. Aug.-Oct. Ascends to 4,000 ft. 
numnularia Hook. f. Dec. -Jan. Euapehu (Petrie) ; Euahine Moun- 
tains (Col.) ; Tararua and Kaimanawa Mountains. 2,000-5,000 ft. 

47. Oleaceae. 

Olea Cminingharnii Hook. f. Oct.-Nov. Ascends to 2,600 ft. 
lanceolata Hook. f. Nov.-Jan. Ascends to 2,000 ft, 
montana Hook. f. Nov.-Jan. Ascends to 2,500 ft. 

48. Apoc 3 maceae. 

Parsonsia heterojphylla A, Cunn, Nov.-Mar. Fruit, April. Ascends to 
2,500 ft. 

capsularis E. Br. Nov.-Mar. Ascends to 2,000 ft. 

49. Loganiaceae. 

Logania depressa Hook, f. Locahty possibly uncertain. Between Onetapu 
Desert, east of Euapehu, and towards source of Moawhango Eiver 
(Col.). 

Geniostoma ligustrifolium A. Cunn. Oct.-Nov. 

50. Gentianaceae. 

Gentiana Gris^achii Hook. f. Dec.-Feb. Euahine Mountains (Col.) ; 
Tongariro (Bidwill) ; Tararua Mountains ; Kaimanawa Mountains. 
Ascends to 4,500 ft. 

hdlidi folia Hook. f. Jan.-Mar. Tararua and Kaimanawa Momitains; 
volcanoes. 1,500-5,800 ft. 

patula Cheesem. Jan.-Mar. Tararua Mountains (Townson). 2,500- 
5,000 ft. 

Liparophyllum Gunnii Hook. f. Dec.-Jan. Tararua and Kaimanawa 
Mountains ; Mount Dennan ; Quoin, 3,900 ft. ; volcanoes (Cock,, 
T. F. C.), 3,500-4,500 ft. 
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51. Boraginaceae. 

Myosotis antarctica Hook. f. Nov.-Feb. Ascends to 4,500 ft. 

Forsteri Lekm. Oct.-Feb. Ascends to 4,300 ft. on Kaimanawa Moun- 
tains. 

fetiolata Hook. f. Nov.-Jan. Ruabine Mountains (Hill). Ascends to 
3,000 ft. 

Astoni Cheesem. Dec.-Jan. Maungatiriri and Taukerenikau River 
valleys *, Mount Holdswortb. 10(>-4,000 ft. 

52. Convolvulaceae. 

Caiystegia sepium R. Br. Nov.-Mar. 
turguriorum R. Br. Dec.-Feb. 

SoUanella R. Br. Nov.-Mar. Coastal. 

Convolvulm enibescens Sims. Dec.-Mar. Palliser Bay (Col., Buch.). 

Dichondra repens Forst. Spring and early summer. Aiscends to 2,500 ft. 
hrevifolia Buch. Nov.-Jan. Ascends to 3,000 ft. 

53. Solanaceae. 

Sohnum nigrum Linn. Ascends to 2,000 ft. 
aviculare Forst. Flowers most of the year. 

54. Scrophularaceae. 

Calceolaria Sinclairii Hook. Nov.-Feb. Ruahine Mountains. (Col, 
Petrie, &o.). 

repens Hook. f. Dec.-Feb. Ruahine Mountains (Col.) ; Rimutaka 
Range (T. K.) ; Wainuiomata (Arnold) ; in creeks of Tararua 
Mountains ; Makatote Gorge (T. F. C.). 250-2,000 ft. 

Mazus pumilio R. Br. Nov.-Feb. Manawatu River (Col.) ; Otaki (Buch.) ; 
Pencarrow (T. K.) ; Levin Beach, Waikanae (Cah.). 
radicans Cheesem. Wairarapa, Tararua Mountains (Col. and Buch.). 
600-3,500 ft. 

Mimulus repens R. Br. Nov.-Jan. Brackish swamps at Otaki (E. H 
Atkinson). 

Gratiola peruviana Linn. Nov.-Feb. Ascends to 1,500 ft. 

Glossostigma elatinioides Benth. Nov.-Feb. Ascends to 2,500 ft. 

Limoselta temdfolia Nutt. Nov.-Feb. Ascends to 3,000 ft. 

Veronica speciosa R. Cmin. Nov.-Mar. Port Nicholson (Lyall). 

macroura Hook, f. Cook Strait (Cock.). Identification doulitful 
(T. F. C.). 

salicifolia Forst. Dec.-Mar. Ascends to 3,500 ft. 
rotundata T. K. July-Sept. Vicinity of Wellington (T. K.). 
cmg^istifolia A. Rich. Dec.-Feb. River-beds of Wangaehu and Tura- 
kina (A. Allison). 

paroiflora Vahl. Dec.-Feb. Wellington. 
venustula Col. East side Ruahine Mountains (Col). 

Colensoi Hook. f. Rangitikei (D. P.) ; Ruahine Mountains (Col.) ; Kai- 
manawa Mountains. Ascends to 3,000 ft. 
laevis Benth. Dec.-Feb. Ruahine Mountains (Col.) ; volcanoes ; Ta- 
larua and Kaimanawa Mountains. 2,500-5,000 ft. 
elUptica Forst. Dec.-Feb. Titahi Bay. Coastal. 
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Termica huxifolia Benth. Dec -Mar. Tararua and Kaimanawa Mountains ; 
volcanoes (Cheesem.). 2,000-5,000 ft. 
tetragona'Kook, Jan.-Feb. Volcanoes; Kaimanawa Mountains. 2,000- 
5,0p0 ft. 

Astoni Petrie. Tararua Mountains. 4,000-5,000 ft. 
costarractae Forst. Nov.- Jan. Ascends to 4,000 ft. 
catarractae var. diffusa Hook. f. Tararua Mountains, 5,000 ft. ; Tau- 
terenikau Valley, 1,000 ft. ; volcanoes (T. F. C.). 

Lyallii Hook. Nov.-Mar. Ruabine and Tararua Mountains (Cbeesem.) ; 

Wanganui (Buck.). Ascends to 4,500 ft. 

HooJceriana Walp. Volcanoes (Cheesem., Cock., Turner). 3,000-6,000 ft. 
Olseni Col. Dec.-Mar. Ruabine Mountains (Col. and Petrie). 2,000- 

4.000 ft. 

spatulata Bentb. Volcanoes ; Ruabine Mountains (Hill), 3,000-7,000 ft. ; 
on Ruapebu (Cock.). 

Ourisia macto'phylla Hook. Nov.-Jan. Wainuiomata (Bucb.) ; Kai- 
manawa Mountains. Ascends to 4,500 ft. 

Colensoi Hook. f. Nov.-Jan. Tararua and Ruabine Mountains and vol- 
canoes, 1,500-3,500 ft. Ascends to 5,000 ft. on Kaimanawas. 
caespitosa Hook. f. Dec.-Feb. Ruabine, Kaimanawa, and Tararua 
Mountains, and volcanoes. 3,000-6,500 ft. 

Euphrasia cuneata Forst. Dec.-Mar. Ascends to 5,000 ft. on Kaimanawas. 
revoluta Hook. f.‘ Dec.-Mar. Ruabine (Col.) and Tararua and Kai- 
manawa Mountains. 2,500-5,600 ft. 

zealandica Wetts. Dec.-Mar. Ruabine and Tararua Mountains. 2,000- 

6.000 ft. Northern limit, Pukeonake, west of Tongariro (T, F. C.). 

55. Lentibulariaceae. 

Uiricularia novae-zealandiae Hook. f. Nov.-Jan. Palliser Bay (Col.). 

monanihos Hook. f. Dec.-Mar, Rangipo Plain (Petrie) ; volcanoes 
(T. F. C.) ; Kaimanawa Mountains. Ascends to ^500 ft. 

66. Gesneraceae. 

Ehdbdothaynnus Solandri A, Cunn. Flowers most of the year. Upper 
Wairarapa (Buck.) : Wellington (T. F. C.) ; Waimarino (Turner) ; 
Wanganui (E. H. Atkinson). Ascends to 2,000 ft. 

57. Myoporaceae. 

Myoporum laetum Forst. Oct.-Jan. Usually coastal. 

58, Verbenaceae. 

Teucridium parviflorum Hook. f. Oct.-Jan. Rare. Ascends to 800 ft. at 
Kakabi (Turner). 

59. Labiatae. 

Mentha Cuyminghamii Bentb. Ascends to 4,500 ft. 

60. Plantaginaceae. 

Plantago Raoulii Deciie. Upper Rangitikei (Buck.). Ascends to 3,500 ft. 
spatulata Hook, f. Between Castle Point and Cape Palliser. 

Brownii Rapin. Tararua Mountains (Bucb.) ; Ruabine Mountains (Col.). 
Ascends to 5,500 fb. 

uniflora Hook, f, Ruabine Mountauis (Col.) ; Tararua Mountains. 
4,000-6,000 ft. 



2:10 


Transactions , 


62. Illecebraceae. 

Scleranthus bifiorus Hook. f. Ascends to 4,000 ft. 

64. Chenopodiaceae. 

Shagodia nutans R. Br. Coastal. 

Chenopodium triandrum Forst. Nov.-Mar. Mostly coastal. 
glaucum Linn. Nov.-Mar. Mostly coastal. 
carinatum R. Br. Dec.-Mar. (Bnch.). 

Atri/plex cinet'ea Poir. Palliser Bay (CoL). 
patula (Liim.). 

Buchananii T. K. Dec.-Mar. Wellington (Buch. and Kirk). 

Salwornia australis Sol. Summer and autumn. Coastal. 

Suaeda maritima Dum. Dec.-Mar. Coastal. 

Salsoh Kali Linn. Dec.-Mar. 

65. Polygonaceae. 

Polygonum aviculare Linn. Nov.-Mar. Ascends to 2,600 ft. 

serrulatum Lag. Nov.-Mar. Wellington (Buch.). 

Rumex flexuosus Sol. Dec.-Mar. Ascends to 4,000 ft. 

neglectus T. K. Nov.-Mar. Beackes near Wellington. 

Muehlenhechia australis Meissn. Nov.-April. Ascends to 2,0(X) ft. 

complexa Meissn. Nov.-April. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

axillaris Walp. Dec.-Mar. Ascends to 4,500 ft. 

Astoni Pe rie. Wainuiomata mouth ; Orongorongo. 
ephedrioides Hook. f. Dec.-Mar. Upper Rangitikei (Williams, Petrie) 
Ascends to 3,000 ft. 


66, Piperaceae. 

Piper excehum Forst. Flowers most of the year. 

Peperomia Endlicheri Miq. TitaL: and Evans Bays. 

67. Chloranthaceae. 

Ascarina lucida Hook. f. Sept.-Nov. Wairarapa Valley ((^ol.). 

68. Monimiaceae. 

lledycarya arborea Forst. Oct.-Nov. Ascends to 2,500 ft. 

Laurelia novae-zealandiac A. Cunn. Oct.-Nov. Ascends to 2,000 ft. 

69. Lauraceae. 

Beilschmiedia tawa Bcnth & Hook. f. Nov.-Dee. Fruit, Januarv. As- 
cends to 2,500 ft. 

70. Proteaceae. 

KnigUia excelsa R. Br. Nov.-Dee. Ascends to 2,8(X) ft. 

71. Thymelaeaceae. 

Pimdia longifolia Banks & Sol. Oct.-Dec. Tararua Mountaiirs. Ascends 
to 3,000 ft, 

Onidia Willd, Dec.-Jan. Ruahine Mountains (Col.) ; Tararua Moun- 
tains. Ascends to 4,000 ft. 
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Pimelia huxifolia Hook. f. Jan.-Mar. Ruahine Mountains (Petrie) ; Kai- 
manawa Mountains ; volcanoes (T. F. C.). 1,500-5,500 ft. 
vigata VaM. Sept.-Dee. Wellington. Uncommon. Ascends to 2,000 ft. 
arenaria A. Cumi. Nov.-Mar. Coastal. 

laevigata Gaertn. Oct.-Mar. Ascends to 5,000 ft. on Kaimanawa 
Mountains. 

Lyalin Hook. f. Dec.-Mar. RuaMne Mountains (Col., Trvon, Hamilton). 
2,000-4,500 ft. 

Drapeten Dieffenhachii Hook. Dec.-Mar. 2,(K)0-4,5(X) ft. 

72. Loranthaceae. 

Lorantkus micranthus Hook. f. ^Oct.-Nov. Ascends to 2,000 ft. 

tetrapetalus Forst. Nov.-Jan. Quoin, 2,900 ft.; volcanoes. Ascends 
to 4,000 ft. on Kaimanawas. 

Colensoi Hook. f. Dec.-Jan. Ascends to 2,000 ft. 

Field u Buck. Base of Ruapehu (H. C. Field). 

flavidus Hook. f. Dec.-Feb. Rualiine Mountains (T. F. C.). Ascends 
to 3,500 ft. on Kaimanawas. 

Tupeia antarctica Cham. & Schl. Oct .-Dec. Ascends to 3,000 ft. 

Viscum Lindsay i Oliver. Oct.-Feb. Lake Wairarapa Road. 
saliconiioides A. Cunn. Ascends to 1,500 ft. 

73. Santalaceae. 

Fusanus (htnninghamn Benth. & Hook. f. Sept .-Oct. Fruit, March. Wai- 
kanae. 

74. Balanophoraceae. 

Dactylantims Taylori Hook. f. Feb.- Mar. Waitotara, Upper Rangitikei, 
Upper Wanganui (T. F. C.) ; Kaitoke (Phillips) ; near Pipiriki 
(E. P. Turner). 

75. Euphorbiaceae. 

Euphorbia glauca Forst. Oct.-Feb. Coastal. 

76. Urticaceae. 

Paratrophs heterophylla Bl. Oct.-Feb. Sparsely distributed throughout. 
Ascending to 1,000 ft. at Waimarino (Turner). 

Banksii Cheesem. Nov. -Feb. Cook Strait ; Waiuuiomata Valley. 

Uiiica ferox Forst. Aug.- Dec. Ascends to 1,000 ft. 

iyicisa Poir. Flowers spring and summer. Ascends to 4,000 ft. 
incisa var. lineari folia Hook, f. Near Levin, Lake Papaitonga, at edges 
of creeks. 

Elatostemma rugosum A. Cunn. Middle Wellington Province (Cheesem.) ; 
Otaki (Buck.) ; Ohau River ; Levin. 

Parietaria debilis Forst. Flowers spring and summer. Ascends to 2,500 ft. 

Australina pusilla Gaud. Ascends to 1,000 ft. 

77. Fagaceae. 

Pagus Menziesii Hook. f. Nov.-Jan. Ascends to 4,0(X) ft. 
jusca Hook. f. Oct.-Dec. Ascends to 3,500 ft. 

apicuhta Col. Nov.-Dee. River-fiats on Maungatiriri River, and Kai- 
toke ; Day’s Bay (E. H. A.). 
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Fagus Blabii T. K. Forest near source of Wanganui River (T. K.). 1,000- 

2,500 ft. 

Solandri Hook. f. Nov.-Dee. Ascends to 2,500 ft. 
cliffotiioides Hook. f. Dec.-Jan. Waimarino (Tuj*ner) ; volcanoes 
(Cock.) , Kaimanawa Mountains. 2.0<M)-4:,0()0 ft. 


78. Taxaceae. 

Libocedrus Bidwillii Hook. f. 800-4,000 ft. 

Podocarpus totara Don. Ascends to 2,000 ft. 

Hallii T. K. Ascends to 4,000 ft. on Kaimanawa Mountains. 
nivalis Hook. Waimarino (Turner) ; Kaimanaira Mountains ; Tararua 
Mountains (Buch.). 2,000-5,500 ft. 
ferrugineus Don. Ascends to 3,000 ft. 
spicatus R. Br. Ascends to 2,000 ft. 
dacrydioides A. Rick. Ascends to 2,000 ft. 

Dacrydium hiforme Pilger. Waimarino (Turner) ; Ruahine Momitains 
(T. F. C.). 2,0004,500 ft. 

Bidwillii Hook. 1. RuaMne Mountains (Col.) ; volcanoes ; Kaimanawas. 

2.0004.500 ft. 

cupressinum Sol. Ascends to 2,500 ft. 

intermedium T. K. Ruahine Mountains (Col.) ; Tararua Mountains. 
Ascends to 4,000 ft. 

Colensoi Hook. f. Waimarino Forest (T. K., Turner) ; volcanoes (Cock.). 
Ascends to 3,000 ft. 

laxifolium Hook. f. Ruahine Mountains (Col.) ; volcanoes, 2,500- 

4.000 ft. ; Kaimanawa Mountains, to 5,000 ft. 

Phyllocladus trichonianoides Don. Tararua Mountains (Buck.). Ascends to 

2.500 ft. 

alpinus Hook. f. Waimarino district (Turner) ; volcanoes (Cock.) ; 
Kaimanawa Mountains. 

79. Orchidaceae. 

Dendrohium Ciinninghamii Lindl. Dec.-Feb. Ascends from sea-skore to 

2.000 ft. 

Bulhophyllum tuberculatum Col. April-May. Palmerston North (Hamilton). 

pygmaeum Lindl. Nov.-Feb. Happy Valley Bay. Ascends to 1,500 ft. 
Earina mucronata lAwdX, Oct .-Dec. Ascends to 2, OiK) ft. 

suaveolerhs Lindl. Mar.-June. Ascends to 2,000 ft. 

Sarcockilus adversus Hook. f. Oct.-Nov. 

Spiranthes australis Lindl. Jan.-Peb. Bog near Erua, 2,600 ft. (P. Turner). 
ThelyniUra longifolia Forst. Nov.-Dee. Ascends to 4,000 ft. 

decora Ckeesem. Jan. Volcanoes ; Taumarunui (T. F. C.) ; Kai- 
manawas. 2,500-3,700 ft, 
venosa R. Br. Mungaroa Swamp (T. K., Petrie). 
uniflora Hook. f. Dec.-Jan. Volcanoes (T. F. C.). Ascends to 3,500 ft, 
Orthoceras strictum R, Br. Dec.-Feb. Ascends to 2,500 ft. 

Microtis porrifolia R. Br. Oct.-Dec. Ascends to 2,500 ft. 

Prasophyllum Colensoi Hook. f. Nov.-Jan. Ascends to 6,000 ft. on Kai- 
manawas. 

mium R. Br. Feb. Day’s Bay ; Kaitoke ; Waimarino, at 2,900 ft. 
(Turner). 
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Pterostylis BanJcsii R. Br. Oct,~Nov. Ascends to 3,500 ft. 
graminea Hook. f. Sept. -Nov. 

micromega Hook. f. Dec.- Jan. Murimotu (Petrie) ; Wairarapa (Col.). 
joliata Hook. f. Dec .-Jan. Huahine Mountains and Cape Palliser 
(Col.) ; Kaitoke. Ascends to 2,500 ft. 
venosa Col. Euahine Mountains (Olsen). 2,000-3,500 ft. 
trulli folia Hook. f. Kaitoke (V. Pliillips, B. C. A.). 
barhata Lindl. Oct.-Nov. Kaitoke (Y. Pliillips, B. C, A.) ; Day’s Bay 
(Atkinson, Morrison). 

Adanthvs Smclairii Hook. f. May-Aug. Kapiti Island (Cock.). Ascends 
to 2,500 ft. 

Cyrtostylis ohlonga Hook. f. Aug.-Oet. Kaitoke (V. Phillips). Ascends to 

2.500 ft. 

Calochilus paludosus R. Br. Upper Hutt (E. H. Atkinson). 

LyperantJius antarcticus Hook. f. Dec.-Fcb. Tararua Mountains. 3,000- 

4.000 ft. 

Caladenia minor Hook. f. Sept.-Dee. Kaitoke. Ascends to 2,000 ft. 
bifolia Hook. f. Dec.-Jan. Tararua Mountains ; volcanoes (T. F. C.). 
Ascends to 4,500 ft. 

Philoglottis cornuta Hook. f. Oct.-Dec. Kaitoke ; Kaimanawa Morui- 
tains. Ascends to 3,000 ft. 

Adenochilus gracilis Hook. f. Nov.-Jan. Between Ohakune and Ruapehu 
(Turner). 500-2,500 ft. 

Corysanthes rotundifolia Hook. f. Sept.-Dee. Ascends to 2,500 ft. 

triloba Hook. f. July-Sept. Ascends to 4,000 ft. on Kaimanawa Moun- 
tains. 

macrantha Hook. f. Oct.-Dec. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

Gastrodia sesamoides R. Br. Dec.-Jan. Tauherenikau Valiev. Ascends to 

1.500 ft. 

Cunninghamii Hook. f. Nov.-Jan. Ascends to 2,^XM) ft. 

80. Iridaceae. 

Libert ia ixioides Oct.-Dec. Ascends to 3,500 ft. on Kaimanawa 

Mountains. 

ixioides var. b. Levin Beach. Coastal. 

grandiflora Sweet. Oct.-Nov. 

pukhella Spreng. Nov.-Jan. Ascends to 4,000 ft. 

82. Liliaceae. 

Rhipogonum scandens Forst. Nov.-Dee. Fruit, January, Ascends to 

2.000 ft. 

Enargia mnrginata Banks & Sol. Nov.-Feb. Ascends to 3,500 ft, 

( ^ordyline BanJcsii Hook. f. Nov.-Dee. Ascends to 3,500 ft. 
australis Hook. f. Nov.-Jan. Ascends to 2,500 ft. 
indivisa Steud, Dec.-Jan. 1,500-4,000 ft. 

pumilio Hook. f. Nov.-Deo. Ascends to 1,500 ft. (Buch., T. F. C.). 
Astelia linearis Hook. f. Nov.-Jan. 3,000-5,000 ft. 

Cuminghamii Hook. f. Dec.-Jan. Fruit, Nov.-Dee. Ascends to 

2.500 ft. 

trinervia T. K. Mar.-May. Fruit, Feb.-Mar. Ascends to 3,000 ft. 
Solandri A. Cimn. Jan.-Feb. Ascends to 2,700 ft. 
nervosa Banks & Sol. Oct.-Jan. Ascends to 4,600 ft. 

Bianella intermedia Bndl. Nov.-Dee. Ascends to 2,600 ft. 
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Phormiwn tenax Forst. Nov.-Jan. Ascends to 4,000 ft. 

Coolcianyyn Le Jolis. Nov.-Jan. Ascends to 4,000 ft. 

Bulbinella ffookeri Benth. & Hook. f. Oct.-Jan. Ascends to 4,500 ft. 
Arthropodium cirrhatum R. Br. Nov.-Dee. 

enndidum Raoul. Nov.-Jan. Ascends to 3,500 ft. 

Jlerpolinon nome-zealandiae Hook, t Dec.-Jan. Tarariia and Kainianawa 
Mountains ; volcanoes. 

83. Juncaceae."* ** 

Juncus pauciflorus R. Br. Dec.-Feb. Ascends to 2,500 ft. 
vaginatus R. Br. Dec.-Feb. 
effusus Linn. Nov .-Feb. Ascends to 3,000 ft. 
maritimus Lam. var. australiensis. Dec.-Jan. 
bufoyiius Linn. Nov.-Jan. Ascends to 4,000 ft. 
planifolius R. Br. Nov.-Jan. Ascends to 3,000 ft. 
antarcticus Hook. f. Dec.-Feb. Tararua Moimtains ; Rangipo Plain 
(Petrie). 1 , 500-4, 00( ) ft. 
prmmtoca) pus R. Br. Nov.-Jan. 
holoschoenus R. Br. Nov.-Fcb. Ascends to 2,500 ft. 
lampocarpus Ebr. Nov.-Feb. Ascends to 3,500 ft. 
novae-zealamliae Hook. f. Dec.-Mar. Tararua and Kainianawa Moun- 
tains, Ascends to 4,500 ft. 

Luzula Colensoi Hook. f. Jan.-Feb. Mount Holdswortb (Townson) ; 
Ruabine Mountains (Col.) ; Ngauruboe. 4,000-6,500 ft. 
campestris D. C. Ascends to 5,000 ft. on Kaimanawa Mountains. 

84. Paimeae. 

Khopalostylis snpida Wendl. & Drude. Jan.- April. Ascends to 2,000 ft. 

85. Pandanaceae. 

Freycinetia Banksii A. Gunn. Sept.-Nov. Fruit, May. Ascends to 2,600 ft. 

86. Tjiphaceae. 

TypJia angustifolia Linn. Dec.-Mar. Ascends to 2,(K)0ft. 

Bparganivm antipodum Graeb. Dec.-Mar. 

87. Leinnaceae. 

Lemna minor Linn. Ascends to 2,000 ft. 

88. Naiadaceae. 

Tiiglochin striatum Ruiz & Pav. Oct.-Jan. 

Potamogeton Cheesemanii A. Bennett. Nov.-Mar. Volcanoes, 4,250 ft. 
(T. F. C.). 
natans Linn. 

polygonifolius Pourr. Dec.-April. Ascends to 4,700 ft. on Kaimanawa 
Mountains. 

ockreatus Raoul. Nov.-Mar. Turakina River mouth (Cock.). 
p&Ainaius L. Dec.-Mar. Turakina River mouth (Cock.), 

Pv/ppia mariiima Linn. Dec.-April. 

Zostera noma Roth. 

* J. scheuckzerioidea was included in my lipt of Tararua plants (Trans. X.Z. Inst., 

voL 42, p. 13) through a clerical error. 
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89. Centrolepidaceae. 

Centrolepis pallida Cheesem. Dee.-Mar. Euahine Mountains (Col.). 

vi/ridis T. K. Dec.-Mar. Base of Euapehu (Petrie) ; Kaimanawa Moun- 
tains. 2,000-5,000 ft. 


90. Restiaceae. 

Leptocarpus simplex A. Eick. Sept.-Dee. 

Hypolaena later if olia Bentk. Nov.-Mar. Ascends to 4,500 ft. 

91. Cyperaceae. 

Cy perns vegetus AViUd. Nov.- Jan. 

Mariscus ustulatu^ Clarke. Nov.-Jan. Ascends to 1,500 ft. 

Eleockaris acuta E. Br. Nov.-Mar. Ascends to 3.500 ft. on Kaimanawas. 
CunnmqTiamii Boeck. Nov.-Mar. Ascends to 4,500 ft. on volcanoes 
(T. F. C.). 

Scirpus lenticularis Poir. Dec.-Mar. Base of Euapehu (D. P., Hamilton). 
Ascends to 2,500 ft. 

nucklandicus Boeck. Dee.-Mar. Euahine (Col.). Ascends to 5,<K)0 ft. 

cernuus Yahl. Nov.-Feb. Ascends to 2,000 ft. 

antarcticus Linn. Nov.-Mar. Ascends to 2,000 ft. 

inundatus Poir. Nov.-Mar. Ascends to 3,000 ft. 

sulcatus Thouars. Nov.-Mar. Ascends to 2,0(X) ft. 

prolifer Eottl'>. Nov.-Mar. 

frondosus Banks & Sol. Nov.-Feb. Coastal. 

americanus Pors. Nov.-Feb. Palliser Bay ; Marton (Townsou). 

lacustris Linn. Nov.-Feb. Ascends to 1,500 ft. 

maritimus Linn. Nov.-Feb. 

Carpha alpina E. Br. Dec.-Feb. 2,500-5,000 ft. 

Schoenus hrevifolius E, Br. Dec.-Jan. Ascends to 1,500 ft. 

Tendo Banks & Sol. Oct. -Jan. Ascends to 2,0(X) ft. 
paucifU^us Hook. f. Dec.-Mar. 1,500-5,000 ft. 
axillaris Poir. Nov.-Mar. Ascends to 2,500 ft. 
nitens Poir. Dec.-Mar. Ascends to 2,500 ft. 
nitens var. oonoinnus. Ascends to 4,500 ft. on volcanoes (T. F. C.). 
i^ladium Sinclairii'Koo]s,.i, Oct. -Jan. Patea (Cock.) ; Taihape. Ascends 
to 2,000 ft, 

qhmeratum E. Br. Nov.-Jan. Ascends to 2,(K)0 ft. 

Gunnii Hook. f. Dec.-Jan. Ascends to 2,5()0 ft. 
juncemi E. Br. Nov.-Jan. Ascends to 2,000 ft, 

VautJiicra Clarke. Nov.-Jan. Ascends to 2,000 ft. 

Gahnia setifolia Hook. f. Dec.-Feb. Ascends to 2,0(X) ft. 
paudflora T. K. Oct.-Dec. Ascends to 3,000 ft. 
xantkocarpa Hook. f. Feb.-Mar. Ascends to 2,500 ft. 
lacera Steud. July-Aug. Ascends to 2,000 ft. 

Gaudichaudii Steud. ^cends to 2,000 ft. 

Oreoholus strictus Bergg. Tararua and Kaimanawa Mountains, 3,500- 

5.000 ft. ; Eangipo Plain (Hill). 

Vndnia purpurata Petrie. Dec.-Jan. Tararua Mountains (D. P.). 1,000- 

4.000 ffe. 

compacta E. Br. Dec.-Feb. Euahine Moimtains (Cock.) ; Tararua 
Mountains (Buck.). 1, 000-5, 5(X) ft. 
caespitosaBoott. Nov.-Jan. Ascends to 4,000 ft. 
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Uncinia uncinata Limi. f. Nov.-Feb. Ascends to 3,000 ft. 
leptostachya Raoul. Nov.-Jan. Ascends to 3,000 ft. 
riparia R. Br. Nov.-Jan. Ascends to 3,000 ft. 
nibm Boott. Dec.-Feb. Waimarino (T. F. C.). 

rupestris Raoul. Tararua Mountains (H. H. T.) ; Ruahino Mountains 
(Col.). 

pUfonms Boott. Dec.-Jan. Ruahine Mountains (Col.) ; Tararua Moun- 
tains. 1,000-4,500 ft. 

Carex pyrenaka Whal. Dec.-Mar. Ruabine Moiuitains (Col.). 3,500- 

6,500 ft. 

acicularis Boott. Dec.-Mar. Ruabine Mountains (Col.) ; Tararua 
Mountains ; Tongariro (Col.). 2,500-5,000 ft. 
diandra Schrank. Dec.-Mar. Ascends to 3,000 ft. 
virgata Soland. Nov.-Jan. Ascends to 3,000 ft. 
secta Boott. Nov.-Jan. Ascends to 2,500 ft. 
mversa R. Br. Nov.-May. Ascends to 3,000 ft. 

Oolensoi Boott. Nov.-Mar. Ascends to 4,000 ft. 

ccJiinata Murr. Nov.-Mar. Ascends to 4,000 ft. 

leporina Linn. Nov.-Jan. Obariu Valley (T. K.). Ascends to 4,000 ft. 

Gaudichaudiana Kuntb. Nov.-Feb. Ascends to 4,500 ft. 

subdola Boott. Nov.-Jan. Ascends to 1,500 ft. 

ternaria Forst. Nov.-Feb. Ascends to 4,000 ft. 

dipsacea Bergg. Nov.-Jan. Ascends to 3,000 ft. 

testacea Sol. Oct.-Jan. Ascends to 3,500 ft. 

lucida Boott. Oct.-Jan. Ascends to 3,000 ft. 

Petriei Cbeesem. Dec.-Feb. Ascends to 3,500 ft. on Kaimanawas. 
dissita Sol. Oct.-Jan. Ascends to 3,500 ft. 
hrevkuhnus R. Br. Oct.-Mar. Ascends to 3,000 ft. 
pumih Tbunb. Oct.-Jan, 

Forsteri VfsM. Nov.-Jan. Ascends to 2,000 ft. 
pseudocyperus Linn. Nov.-Feb. Ascends to 3,000 ft. 

92. Gramineae. 

Zoysia pungens Willd. Ascends to 2,000 ft. 

Paspalum Digitaria Poir. Sydney Street, Wellington. 

OpJisnienus undulaiifoUus Beauv. 
bpinijex hirsutus Labil. Coastal, 

Ehrharta Oolensoi Hook. f. Ruabine and Tararua Mountains. 3,000-5,500 ft. 
Microlaena stipoides R. Br. Ascends to 2,000 ft. 

avenacea Hook. f. Dec.-Jan. Ascends to 3,500 ft. on Kaimanawa 
Mountains. 

polynoda Hook. f. Dec.-Jan. Base of Ruahine Mountains (Col.). 
Ascends to 1,500 ft. 

IlierocMoe reddens R. Br. Ascends to 3,000 ft, 

Fraseri Hook. f. Ascends to 5,000 ft. on volcanoes (T. F. C.). 

Siipa arundinacea Bentb. Wairarapa (Buck.) ; South Karori (Kirk). 
Ascends to 1,500 ft. 

Eckinopogon ovatus Beauv. Ascends to 2,500 ft. 

Alopecurus geniculatus Linn. Wairarapa (Buck.) ; near Welbngton (T. K.). 

Ascends to 3,500 ft. 

Sporobolus indicus R. Br. 

Simplida laxa T. K. Lower Wairarapa (T. K.). 
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Agrostis muscosa T. K. Tararua and Kaimanawa Mountains ; volcanoes. 
l,60(M,500ft. 

Muelleri Benth. Euahine Mountains (Col.). 2,500-5,500 ft. 

Dyeri Petrie. Volcanoes (T. F. C.) ; Tararua and Kaimanawa Moun- 
tains. 1,000-5,500 ft. 

Deyemia Forsteri Kunth.* Ascends to 3,000 ft. 

Billardieri Kunth. Coastal. 
setifolia Hook. f. 3,000-5,000 ft. 
quadriseta Benth. Ascends to 2,500 ft. 

Dichelachne crimta Hook. f. Ascends to 3,000 ft. 
sdurea Hook. f. 

Deschampsia caespitosa Beauv. Palliser Bay. Ascends to 3,500 ft. 

tenelh Petrie. Euahine Mountains (Col.) ; Tararua Mountains (Travers). 
Ascends to 4,500 ft. 

Trisetum anfarcticum Trin. Ascends to 4,500 ft. 

Youngii Hook. f. Tararua Mountains ; volcanoes (T. F. C.). 3 00*)- 

5,000 ft. 

suhspicatum Beauv. Ascends to 5,000 ft. 

Amphibromus fluitans T. K. Marton (Townson). 

Danthonia Cunninghamii Hook. f. Ascends to 3,500 ft. 

hromoides Hook. f. Near Cape Palliser (Buch.) ; near Wellinofon 
(Stephenson). 

Raoulii Steud- Ascends to 5,000 ft. 
pilosa E. Br. Ascends to 4,500 ft. 

semiannularis E. Br. Ascends to 7,000 ft. on Euapehu (Cock.). 

Arundo conspicua Forst. Ascends to 3,500 ft. on Kaimanawa Mountains. 
fulvida Buch. 

Triodia australis Petrie, Mount Hector. 3,000-5,000 ft. 

Poa novae-zealandiae Hack. Tararua Mountains. 
anceps Forst. Ascends to 3,500 ft. 

seticulmis Petrie. Tauherenikau Valley. Ascends to 2,500 ft. 
caespitosa Forst. Ascends to 4,000 ft.’ 

Colensoi Hook. f. 1,000-5,000 ft. 

Kirkii Buch. Tararua Mountains. 

imbecilla Forst. Tararua Mountains. Ascends to 4,000 ft. 

Atropis stricta Hack. Coastal. 

Festurn littoralis La bill. Coastal. 
ovina Linn. Ascends to 4,500 ft. 
ruhra Linn. Ascends to 4,500 ft. 

Agropyrum muUiflorum T. E. Day’s Bay. 

scahrum Beauv. Ascends to 4,500 ft.’ 

Asperella gracilis T. K, Dannevirke (Col.) ; Turangaarere (Petrie). 
Ascends to 3,000 ft. 

* Sy a clerical error D, Petriei was included in mv hst of Tararua plants (Trans. 
h.Z. Inst., vol. 42, p. 13). 
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Anr. XXIX. — Xo/es on the Botany of Lake Hauroko District. 

By J. CRosBy Smith, F.L.S. 

[Read befote the Otago InMitUy 2if\d Augn*it, 1910.'] 

Ha\hng long had the desire to make a botanical excursion to the mountains 
hing to the west of the great Waiau River, in the south-west of the fiord 
country, and especially to those parts surrounding Lake Hauroko, and 
known as the Princess Mountains, I welcomed the opportunity of doing 
this that presented itself in February of this year (1910). Oui* party con- 
sisted of Mr. Robert Gibb, JMr. Vernon C. Smith, and myself. 

Having crossed the Waiau, our route to the lake lay by the main road 
through the bush, past Clifden, and on past the Lillburn, to what is known 
as Gardner’s, or the end of the track.” Two miles from Gardner's the 
track leads on to low peaty land extending for a mile, which has until 
recently been covered by a young forest of bog-pine (Dacrydium Bidwillii). 
We were informed by Mr. Gardner that this bog-pine had been burnt out 
during the previous dry summer. Gradually the birch ” forest {Fatjus 
Solandri and F. Menziesii) is reached, and continues more or less foi’ the 
rest of the distance to the lake. Here and there in the gullies, which are 
very numerous, will be fomid Coprosnia foetidissma, C. rotundifolia , Metro- 
sideros lucida, Panax Colensoi, Senecw elaeatjmfolius, Drimys colorata, 
Leptospeunum scopatium^ and others; also Dicksotiia sqmrrosa^ Hemitelia 
Smithii, Aspidium flavidum, Lomiia dwiaiihs. L. discolor, Glekhenia 
Cunninghamii, Pteris aquilim, P. incisa, Asplenium hulhifenm, Todea 
superha, and Hymenophyllum spp. 

As the lake was neared the vegetation became thicker and the ferns 
more numerous and taller. The first glimpse of the lake, as its waters 
glimmer and shimmer through the trees m the bush, is beautiful The 
track comes out on a long arm of the lake facing Mary Island, a distance of 
five or six miles from the lower end of the lake. Across the lake the high 
mountains of the Princess Range, with their towering peaks of Albert 
Edward and Alexandra, form a majestic background. These mountains 
appear almost precipitous, being bush-clad up to 3,()0()ft. or more, the 
bare tops being covered with the usual alpine flora. 

As there is no record of a botanist having visited the lake previously 
(except perhaps Mr. G. M. Thomson, in the early eighties,” but who on 
account of bad weather did no collecting), we had decided to examine both 
sides of the lake for plants and birds, and for this purpose we hired a boat. 
As we opened up the lake we found the shores to consist entirely of pre- 
cipitous wooded hills, nowhere less than 3,fXX)ft., and ilsing to 5,000 ft., with 
sharp and rugged peaks, and with more than a score of waterfalls shooting 
on both sides. With the exception of a couple of beaches from one to two 
acres in extent, there is no flat land. The only other possible landing-places 
are where the many steep creeks or waterfalls have filled up the edge of the 
lake with boulders • consequently, until we reached the head of the lake, 
it was only on these small patches we could land to make investigations. 

Lake Hauroko is about twenty-five miles long by one mile wide, and, 
being formed at the bottom of a deep gully, becomes most treacherous to a 
rowing-boat, the wind sweeping down it as down a funnel. On account of 
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tliis it took us three days to reach the head of the lake, during which time 
we had been consuming the provisions we had intended for an extended 
land journey. 

At the head of the lake we pitched camp, and made excursions some 
distance up the Hauroko River, and also up Hay River. On the flat at the 
junction of the Hauroko River with the lake there is a piece of country that 
might well be the habitat of such a l)ird as the takahe, but after a careful 
search we found no traces of such a bird. 

On the western side, at the head of the lake, the vegetation in the bush 
is most luxuriant ; especially is this the case with ferns and mosses. Our 
object was to climb End Peak, a name which was given to the last, or end, 
peak of the Princess Range. It lies near the head of Hay River, on the 
western side, and is about 4,500 ft. high. Making an early start, we struck 
into the bush half a mile below Hay River. We had to make our own 
track through 3,000 ft. of dense bush, blazing it as we went along. Now 
and again we struck Mr. Hay’s blazed trees of thirty years ago, and it was 
tliis that led us on to a very serviceable razorback ridge, and for some time 
kept us clear of deep gullies. 

After a five horns’ climb we reached the clearing, at an elevation of 
3,500 ft. Another hour sufficed to find us on the highest point of the peak. 

For a height of nearly 2,500 ft. there is little variation in the character 
of the veeetation, which differs very little indeed from that of the lower 
elevations on the eastern side. The trees and shrubs were much the same, 
^vith the addition perhaps of Panox lineare, PiUosporum Colensoi, a couple 
of species of Coprosfna, and one or two others. Up to this point very little 
of the usual thinning-out of the bush on account of elevation could be 
detected ; the trees were as thick and as tall and straight as lower down. 
After this height the stmiting gradually began ; the trees became scarcer, 
and Coprosmas became more plentiful, and gradually the mounrain-flora 
hegojx to make its appearance. 

Although it was nearly the end of February, we were rewarded with 
a very large number of plants in fiower, especially of Celmisia, and very 
fortunately so with a new species of Olearia and of Acipkylla. 

Next day, as our provisions were getting low, we decided to pull our- 
selves to the foot of tlie lake, some twenty-five miles, which was done in 
nine hours, with only one stoppage of an hour for rest and limch. At the 
foot of the lake, on the eastern side, there is a mountain known as the Hump, 
3,500 ft. high, over which an old sheep-track passes, leading down to the 
coast some sixteen miles below the Waiau mouth. As I was desirous of 
comparing the vegetation of the Hump vdth that on End Peak, we decided 
to find this track, and make for liome by that route. For a distance of 
half a mile this track is now completely overgrown and difficult to find ; 
but once the ascent of the hill commences it is well defined, but becomes 
very steep, especially for the last 1,500 ft. This ascent occupied us nearly 
the whole day, and, a fog coming over as we reached the top, we pitched the 
tent and turned in for the night. Next morning, being clear on the top, gave 
us an opportunity to examine the vegetation and collect, I was not very 
greatly surprised to find the plants on the Hump almost identically the 
same as those on End Peak, as the elevation and bird-life were much the 
same. As far as I could observe, there were only about half a dozen plants 
different — ^that is, all the plants found on the Hump were also found on End 
Peak. The geological structure was much the same, the soil being peaty, 
and the rock mica-schist and gneiss (white granite). 
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Botaiiicdlly tlie trip may be considered very satisfactory, as the plants 
noted cover 225 species and forty-five orders. Mr. D. Petrie has kindly 
looked through my material, from which, in another place, he is describhrg 
no less than five new species, named as follows : Euphrasia australis (Petrie), 
Aciphylla pinmtifida (Petrie), Oentiana faccida (Petrie), Olearia Crosby- 
Smiihmna (Petrie), Danthonia (?) harhata (Petrie). These are all ver}’’ dis- 
tinct. Euphrasia australis has creamy-yellow flowers. Aciphylla pinnati- 
fida is far removed from any other New Zealand species, and would appear 
to be almost unique. Olearia Crosby-Smithiana Mr. Petrie considers *’ one 
of the most distinct species of the genus,” nearest perhaps to 0. lacunosa, 
having very narrow linear leaves ^vith a besom-like habit of growth, 6-15 in. 
high. The Danthonia (?) cannot be described till flowers are procured ; 
but its strong characteristic is that all the leaves are densely ciliate, giving 
the appearance of being barbed. Of other plants, some are very rare, as, for 
instance, Celmisia Tiaversii, the most beautiful of all the Celmisias, which 
is the first discovery of this plant to the south of Lake Tennyson. 

Until flowering specimens are obtained, the species of several other 
plants will have to be left in abeyance, as, for instance, the plant put down 
temporarily as Arislotelia (?) fruticosa probably does not belong to this genus 
at all* 

There yet remains much work to be done in the Hauroko district, or the 
country between Lake Monowai and Long Sound, and the botanist who 
undertakes it will, I am sure, meet with a rich reward. 


List of Plants collected. 


Ranunculaceae, 

Ranunculus Lyalliu End Peak and 
Hump. 

sp. End Peak. 

BuchananL Hump. 
ternatifolius. End Peak. 

Clematis indivisa. Common. 

Magnoliaceae. 

Drimys cohrnta. Common, 
Crueijerae 

Cardamine hirsuta var. debt Us. 
Common. 

depressa. Lake flat. 

Violaceae. 

Viola Cunninghamii. End Peak. 
Lyallii, Hump. 

PiUosporaceae. 

Pittosporum Oolensoi. Common. 
tenuifolium. Common, 
eugenioides. Common, 


Tiliaceae. 

Aristotelia (?) fruticosa End Peak ; 
rare ; 2,500 ft. 
racemosa. Common. 

Geraninceae. 

Geranium m kro phyllum. Lake flat. 
Coriariaceae. 

Coriaria thymilifolia. End Peak and 
} Hiunp. 

' angustissima. End Peak and 

Hump. 

ruscifolia. Common. 

1 Legwninosae. 

' Carmichaelia sp. End Peak. 
Sophora tetraptera. Common. 

Rosaceae. 

I Geum parviflorum. End Peak and 
Hump. 

Acaena Sanguisorbae. Common. 

, Bvihus australis. Common. 

* schmidelioides. Common. 
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Saxifragaceae. 

Donat ia novae-zelandiae. End Peak 
and Hump. 

Weinjiiannia racemosa. Common. 
Carpodetiis serratiis. Common. 

Droseraceae. 

Drosera arcturi. Hump. 
binata. Lake flat. 

Halotagidaceae. 

Haloragis alata. Blue Clifi. 
Mgriophyllum pedvhculntaw . Haii- 
roko outlet. 

elaUnoides. Haiu‘oko outlet. 
Gimnera monoica. Common. 

Metrosideros hjpericifnlia. Common. 
lucida. Common. 

Leptospermum scoparium. Common. 
Myrtus pedunculata. Common. 
ohcordata. Common. 

Onagrctceae. 

Epilohium nummulanjolium var. pps. 
distinct. Hump. 
nummularijolhnn var. peduncu- 
lare. End Peak. 
rotundi folium. End Peak and 

Hump. 

sp. Hauroko outlet. 

Fuchsia excoiticata. Common. 

Umhelli ferae. 

Aciphylla pinnatifida (Petrie) sp. 
nov.* End Peak, 

Lyallii. End Peak, 
sp. Hear lake. 

Ligusticum aromaticum. Hump. 

Haastii. End Peak. 

Hydrocotyle tripartita. End Peak. 

Araliaceae. 

Panax Uneare. End Peak and Hump. 

simplex. Common. 

. arboreum. Common. 

Golensoi. Common. 

Pseudopanax crassifoUum, Common. 


Cwmaceae. 

Griselinia littoralis. 

Rubiaceae. 

Coprosma arennria. End Peak. 
rugosa. End Peak. 
propinqua. End Peak and Hump. 
Colensoi. End Peak and Hump. 
li nari i folia. Common. 
Cunninghamii. End Peak. 
senulata. End Peak. 
repem. End Peak. 
lucida. Common. 
foetidissima. Common. 
rotundi folium. Common, 
sp. Hump. 

Nertera depressa. End Peak. 
dichondrae folia. End Peak. 

Compositae. 

Lagemphora Forsteri. Common, 
sp. Hump. 

Olearia Vol&nsoi. Hump. 
nitida. End Peak busk. 
Croshy-Smithiana (Petrie) sp. nov. 
End Peak. 

Celmisia Walkeri. End Peak and 
Hump. 

holosericea. End Peak. 
discolor. End Peak and Hiunp. 
Traversii. Hump. 
coriacea. End Peak and Hump. 
Petriei. End Peak. 
lonyi folia. Common. 
laricifolia. End Peak. 
sessiliflora. End Peak and Hump. 
argentea. End Peak and Hump, 
sp. pps. distinct. Hump. 
Gnaphalium luteo-album . End Peak ; 
common. 

Trave^'sii var. Mackayi. Hump. 
Raoulia tenuicaulis. End Peak. 

sp. var. Blue Cliff. 

Erechtites glabrescens. Common. 

prenanthoides. Common. 
Helichrysum bellidioides. End Peak. 

grandiceps. End Peak. 

Senecio Lyallii.^ End Peak and 
Hump. 


* Bescriptionfc of inobt of now species mentioned herein will be found in the next 
article of this volume. 
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Senecio revolistus. End Peak and 
Hump. 

ela^agnifolms. End Peak and 
Eump. 

Stylidiaceae, 

Forstera sedijolia. End Peak. 
tenelh. Hump, 

Campamlacecie, 

Pratia angulata. Common. 

Isoiofna fluviatilis. Outlet of lake. 

Ericaceae. 

GauUheria a)itipoda. End Peak. 
antipoda var. depressa. Hump. 

Epacridaceae. 
Pentackondra pumila, 

Cyathodes acerosa. Common, 
pumila, 

Ar^era TraversiL 

LracopJhyUum muscoides. End Peak 
and Hump. 

uniflorum. End Peak and Hiunp. 
Menziesii, Hump. 
longifolium. Common. 

Myrsinaceae, 

Myrsine Urvillei, 
divarkata, 

Gentianaceae, 

Gentiana patula. End Peak. 
corymhifera. End Peak. 
flaccida (Petrie) sp. nov. Hump. 

Boraginaceae, 

Myosotis antarctica. 

Vorivolvulaceae, 

Dickondra hreoifolia. 

Scrophulariaceae, 

Gratiola peruviana. End Peak, 
Veronica Lyallii, End Peak. 

Hectori, End Peak and Hump. 
hvixifolia End Peak and Hump. 
salicifoKa, Common both sides 
of lake. 

Ourisia macrophylla. End Peak and 
Hump. 

sp. End Peak. 
caespUosa, End Peak. 


Euphrasia australis (Petrie) sp. nov. 
End Peak. 

Polygonaceae, 

Muehlenheclcia axillaris. Common, 
adpressa. End Peak. 

Thymelaeaceae, 

Drapetes Dieffenbachii, End Peak. 
Pimelea arenaria. End Peak. 
laevigata. Hump. 
laevigata var. alpina. Hump. 

Loranthaceae, 

Tupeia antarctica. Common. 
Loronthus Colensoi, Common. 

Fagaceae, 

Fagus cliff ortioides. End Peak bush. 
Solandri, End Peak bush. 
Menziesii, End Peak bush. 

I Taxaceae, 

I Phyllocladus alpina. End Peak and 
Hump bushes. 

I trichomanoides. End Peak and 
Hump bushes. 

I Dacrydium cupressinum. Common. 
laxi folium. Common. 

Bidwillii, Common. 

Podocarpus ferruginea. Common. 
spicata. Common. 
totara. Common. 

Hallii, Scarce. 

Orchidaccae, 

Dendrohium Cu 7in ingha m i i. 
Common. 

Earina suaveolens. Common. 

m ucronata. Common. 
Corysantlm rotundifolia. End Peak 
bush. 

rivularis. End Peak bush. 
Cnladenia Lyallii, Hump. 
Lyperanthus antarcticus. Hump, 
Gastrodia Cunninghamii, Hump. 

Liliaceae, 

Astelia montana. End Peak and 
Hump. 

nervosa. End Peak and Hump. 
linearis. End Peak and Hump. 
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Phormium tenax. End Peak and 
Hump. 

Coohii, End Peak. 

BuMnella Hooheri. Hump. 

Juncaceae. 

J uncus novae-zelandme. 

Centrolepidaeeae. 

'Gnimardia setacea. End Peak and 
Hump. 

Cyperaceae. 

Oredbolus pectinatus. End Peak. 
Scirpus sp. End Peak. 
inundatus. Lake-outlet. 
cernuus Hump. 

Carpha alpina. End Peak. 

Cnrex fava. End Peak, 
sp. End Peak, 
sp. End Peak, 
sp. End Peak. 

Uncmia tmella. End Peak. | 

sp. End Peak. j 

Eleocha/ris acuta. Hump. 1 

acuta var. Lake-outlet. I 

Grcmineae. j 

Deyeaxia Forsteri var. JiumiUor. j 

End Peak. i 

Forsteri var. End Peak. ' 

Forsteri var. pilosa. Hump. 

( = Agrostis pilosa). Hump, 
semi-aquatic form. Lake. 
Microlaerha avenacea. End Peak. 
Colensoi (= Ehrharta Colensoi). 
Hump. 

Hierockloe redolms. End Peak. 
Agrostis Byeri. End Peak, 
JDeschampsia novae-zealandiae. End 
Peak and Hump. 
caespitosa. * Hump. 

(Petrie) sp. no V. i 

End Peak. 

I 

Filices. 

Hymenophyllum rarum. End Peak 
and head of lake. 
polyanthos. End Peak and head 
of lake. 

puhkerrimuM. End Peak and ^ 
head of lake. 


Hymenophyllum dilatatum. End 
Peak and head of lake. 
demissum. End Peak and head 
of lake. 

scahrum. End Peak and head of 
lake. 

flohellatum. End Peak and head 
of lake. 

iufescens. End Peak and head 
of lake. 

unilateraJe. End Peak and head 
of lake. 

multifidmn. End Peak and head 
of lake. 

bivalve. End Peak and head of 
lake. 

Trichomanes reni forme. Head of 
lake. 

Vyaihea medullaris. Head of lake. 

Hemitelia Smithii. Head of lake. 

Diclcsonia squarrosa. End Peak and 
Hump 

fibrosa. End Peak and Hump. 

Davallia novae-zealandiae. End Peak 
and Hump. 

Pteris aguilina. Common. 
indsa. Common. 
scaberula. Common. 

Lomaria Paiersoni. Both sides of 
lake. 

discolor. Common. 

vulcanica. 

lanceolata. 

alpina. End Peak and Hump. 

capensis. 

fluviatilis. 

Asphnium flaccidum. Common. 
buJbiferum. Common. 

Aspidium amleatum. 

Polypodium pennigerum. Head of 
lake. 

grammitidis. Common, 
sp. 

Billardieri. 

Gleichenia Gunninghamii. 

Todea superba. 
hymenophyUddes. 

Tmesipteris Forsteri. 

Lycopodiaceae. 

Lycopodium fastigiatum. End Peak 
and Hump. 

Selago. End Peak and Hump. 
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Art. XXX. — Bescri'ptions of New Native Phanerogams. 

By D. Petrie, M.A., Ph.D. 

[Read hefote the AncHand Institute, 22nd November, 1910.] 

Plate II. 

]. Olearia Crosby-Smithiana sp. nov. 

Fmtex humilis, ramosa, compacta, 4-6 dcm. alta. Folia anguste linearia, 
4-9 cm. longa, 2 mm. lata, margiiiibus forte revolutis ; costa media in- 
feriore valde prominente. 

Paniculae siammos ramulos versus dispositae ; capitula parva, pauca, 
fiores paucos gerentia. 

A low compact slirub, 4-6 dcm. bigb, with numerous short erect or 
suberect branches, marked by the scars of fallen leaves ; the higher part of 
the branches alone leafy. 

Leaves crowded, alternate, coriaceous, acute, entire, veinless, narrow- 
linear, 4-9 cm. long, 2 mm. broad, shortly petioled ; margins strongly 
revolute ; upper surface with a deep longitudinal groove, more or less lacu- 
nose ; under-surface marked by a stout midrib that is fringed by a delicate 
line of whitish tomentum ; the petiole ending below in a broad thickened 
callosity, above which tlie leaves become detached. 

Panicles towards the tops of the branchlets, and springing from a 
cluster of short acute squamiform leaves having white tomentose margins. 
Peduncles filiform, ± 2 cm. long, divided into ^3 branches that are again 
subdivided. 

Heads few, small, of few florets ; involucre turbinate ; scales in 2-3 
series, dark brown, the lower ovate-lanceolate, the upper linear, glabrous 
or slightly pubescent at the tips. 

Achenes very narrow, glal3rous, 1 mm. long ; pappus very slender, 
spreading, longer than the achenes. 

Hah. — The Hump (3,500 fr,), south of Lake Hauroko. 

I am indebted to Mr. J. Crosby Smith, F.L.S., of Invercargill, for a 
number of fruiting specimens of this most distinct species. The narrow- 
linear strongly ribbed leaves and the small slender Morescence are very 
different from those of any other native species. Its nearest ally is 0. lacu- 
nosa Hook. f. It was collected long ago at Dusky Sound by Mt. Eeischek, 
who gave Mr. T, F. Cheeseman some pieces not in flower or fruit, and I 
have seen flowerless specimens from the neighbourhood of Puysegur Light- 
house. 

2. Aciphylla pinnatifida sp. nov. 

Caulis 15-20 cm. altus, gracilis, sulcatus. Folia 5-8 cm. longa, trifolio- 
lata, usque ad summam vaginam divisa ; segments hnearia, pinnatisecta ; 
pinnis Imearibus, brevibus, integris, subremotis ; vaginae hand in spinas 
laterales productae. 

Stem 15-20 cm. high, slender, grooved. 

Leaves numerous, radical, ^cm. long, flaccid, trifoliolate, divided 
to the top of the sheath; segments linear, pinnatisect, the middle one 
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longer ; pinnae linear, short, rather remote, entire, acuminate, with thick- 
ened margins and subri^d pungent tips. Sheaths short, thin, broadly 
obcTUieate, not produced into lateral spines. 

Inflorescence shoi*tor than the c‘ulm, subflexuous, broadly ovate ; bracts 
leaflike, with broad compressed sheaths ± 2 cm. long ; the segments of 
the lower bracts more or less pinnatisect, those of the upper entire or slightly 
cut. Primary pediuiclcs longer than the sheaths, the secondary short. 

Fruits ± 3 mm. long, elliptic, 3-5 winged. 

Hob , — End Peak, Lake Hauroko. 

I have seen only three specimens of this very distinct plant, collected 
by Mr. J. Crosby Smith, F.L.S. One bears no kmt, and may be a stami- 
nate plant ; the others are pistillate, but few ripe carpels are left on them. 

3. Gentiana flaccida sp. nov. 

Herba perennis, gracilis, flaccida, indivisa, erect a, ± 10 cm. alta. 

Folia radicalia numerosa, 2-3 cm. longa, tenuia, obovato - spatulata, 
gradatim in petiolos latiores per-flaccidos lamina duplo longiores attenuata. 
Folia caulina radicalibus similia, petiolis brevioribus, superiors acuta in 
paribus oppositis disposita. 

Flos terminalis, solitarius, grandis, ad 2 cm. longus. 

A slender flaccid apparently perennial herb, not branched, erect, ± 10 cm. 
high ; root rather stout. 

Radical loaves numerous, 2-3 cm. long, thin, obovate-spathulate, 
gradually narrowed into rather broad flaccid petioles twice as long as the 
blades. Cauline loaves similar to the radical, but with shorter petioles or 
almost sessile ; the upper in opposite pairs, the topmost pair acute. 

Flower solitary, terminal, ± 2 cm. long. Calyx green, divided for three- 
quarters its length into thin linear acute lobes with an evident midrib. 

Stamens as long as the calyx ; pistil rather longer. 

Fruit not soon. 

Hob . — End Peak, Lake Hauroko. 

I have seen only a single specimen of this plant, but it is so clearly dis- 
tinct from any of its native congeners that T feel little hesitation in describ- 
ing it. It is, of cotu’se, uncertain if the specimen I have seen represents 
the typical form of the plant. Its nearest ally is G. lineata T. Kirk, a plant 
that was first collected by myself on Stewart Island in 1877. The present 
species was collected by Mr. J, Crosby Mmith, F.L.S. 

4. Euphrasia australis sp. nov 

Herba tenuis, subrigida, parce foliosa, ad 8 cm, alta, sparse pubescens, 
a basi ramosa ; rami laterales panjo subdivisi. Folia in paribus oppositis 
remotis disposita, suborbicularia, crassiuscula, basi subito contracta. 

Flores majusculi, axillares, pedunculati, plerumque in paribus oppositis 
dispositi, albidi ; pedunculi foliis subduplo longiores, maturi ad 1 J cm. 
attinentes. 

Capsula calyce persistente brevior, late obovato-cuneata. 

A slender, rather rigid, sparingly leafy herb, 8 cm. high or less, sparsely 
pubescent with short white hairs, branched from the base, branches 
sparingly subdivided. 

Leaves in distant opposite pairs, suborbicular, suddenly contracted 
into a very short petiole, rather coriaceous, apparently glabrous, recurved 
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at the maxgiu, ± 6 mm. long, either side showing two broadly rounded 
teeth separated by a wide shallow sinus. 

Flowers rather large, axillary, peduncled, generally arranged in opposi i 
pairs; peduncles nearly twice as long as the leaves, at maturity l.Jcni 
long, cur\"ed. 

Calyx narrow-campanulate, pubescent, divided for one-third its length 
into four short obtuse subcostate lobes ; margins recurved. Corolla 
whitish, funnel-shaped, expanded at the throat ; upper lip 2-lobed, lobes 
short, obtuse, entire : lower strongly reflexed and cut into three short 
obtuse entire lobes, the middle one narrower. Anthers cohering, glabrous 
or nearly so. 

Capsule shorter than the persistent calyx, broadly obovate-cuneate, 
sparingly pubescent at the top. 

— End Peak, Lake Hauroko. 

I have not seen good specimens of this plant, which was collected by 
Mr. J. Crosby Smith, F.L.S., during an adventurous and laborious visit to 
Lake Hauroko and its neighbourhood. Owing to difficulties of travel, they 
are so mouldy and indifierently dried that I cannot be sure of the glabrous 
condition of the leaves or of the exact colour of the corolla. The species 
finds its nearest ally in B. Coclayniana Petrie, from which it differs in the 
suborbicular differently cut leaves, the more diffuse branching, and the 
elongated curved peduncles. 

5. Euphrasia umbellata sp. nov, 

Herba annua, ramosa, gracillima, glabra. Caulis gracilis, l|-2 cm. 
longus, deinde umbeUato-ramosus ; rami graciUimi, patentee v. ascendentes, 
5-10 cm. lougi, parce subdivisi. 

Folia in paribus oppositis subdistantibus disposita, viridia, tenuia, 
trinervia, anguste ouneata, ad apicem in 5-7 breves subulatos subacutos 
dentes secta. 

Flores solitarii, longe peduneulati ; corolla per-anguste infundibuli- 
formis, 1-1 J cm. longa, recta : stamina glabra. 

A low delicate much-branched glabrous annual herb. 

Main stem very slender, lj-2cm. long, then umbeUately divided into 
4-7 spreading or ascending filfform branches 6-10 cm. long that are again 
sparingly subdivided ; branches not creeping or rooting. 

Leaves in rather distant opposite pairs, greenish when dry, sessile, thin, 
not recurved, 4-6 mm. long, 2 mm. broad, nairow-euneate in outline, entire 
for two-thirds their length, the upper third cut into 6-7 narrow subacute 
subulate lobes. 

Flowers solitary in the axils of the upper leaves, not in opposite pau*s, 
long-peduncled ; peduncles capillary, 1-1.} cm. long, straight, calyx short, 
tumidly campanulate, cut into four short subulate teeth. Corolla 1 cm. 
long, very narrow funnel-shaped, straight ; the lips short : anthers glab- 
rous or nearly so. 

Capsule (unripe) apparently shorter than the tube of the calyx. 

Sab . — ^Moiith of Oreti River, Southland. 

In common with the preceding species described in this paper, the 
present plant was collected by Mr. J, Crosby Smith, F.L.S. His zealous 
and fortunate collecting is revealing in the south-western region of the 
South Island a more distinctive and varied flora than has hitherto been 
supposed to occur there. The Fiord County, with its many high ranges of 
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Mils, is especially worthy of exploration, but difiiculties of travel have 
made it almost impracticable. Now that these difiiculties are being in 
part removed, our knowledge of the alpine plants of the region must steadily 
improve, and to Mr. Ciosby Smith and his fellow-workers in the South 
we must look for a fuller knowledge of them. 

In addition to the new species enumerated above, Mr. Ciosby Smith 
has found Cehmsia Tiaveisn Hook. f. on End Peak (Piiucess Eange), at Lake 
Hauroko, a most unexpected extension of the range of that well-marked 
species, and m keeping with his former discoveiy of SteUai la Poughn Hook. f. 
on the Takitimu Mountams. 

6. Muehlenbeckia Astoni sp. nov. 

Erutex erectus, ad 15dcm. altus, caules complures lignosos, lectos, 
teretes, brunneos, transversim ± 8 mm. latos einittens ; teiiia caulis 
parte summa tantummodo lamosa , ramis multitoties in ramulos tenues, 
flexuosos, loves, brunneos, divaiic antes et intricate implicates divisus , 
inteinodiis bievibus. 

Folia paiva, pauca, terna v. bma m ramulis lateralibus valde decurtatis 
insita, magiutudine vaiiabilia, 3-9 mm. lata, paene aeque longa, plerumque 
late obcoidato-cuneata, teuuia, glabra, mtegia, apice late incisa ; petiolis 
gracillimis, lammas fere aequantibus. 

Floies minuti, subglomerati, unisexuales (ut videtur), in extremis 
ramulis lateralibus foliosis iusiti. 

Fructum haud vidi. 

An erect shrub, reaching a height of 16 dcm., and consistmg of a 
number of straight dark-brown glabrous wrinkled caiielike woody shoots, 
± 8mm. across; unbranched below, at three-quaiters their height branch- 
ing and repeatedly subdividing into very numerous slender flexuous divari- 
cating and interlacing bianehlets with short intemodes ; the main middle 
shoot generally overtopping the lateral ones. 

Leaves in twos or threes on short arrested side shoots, small, few, very 
variable in size but not m outline, 3-9 mm. bioad and about as long, 
glabrous, thin, entire, bioadly notched at the apex, widely obcordate-ouneate 
or with the base rather rounded, on very slender petioles that equal or ex- 
ceed the blades ; veins very obscure. 

Flowers minute, apparently unisexual, in small fascicles at the tips of 
the arrested leafy lateral shoots. Peduncles short, very slender, rarely 
almost obsolete. 

Ripe fruit not seen. 

Hob . — ^Palliser Bay, near Orongorongo, and Wainuiomata. Collected 
by Mr. B. C. Aston, who informs me that the plant is of rare occurrence. 

This species is a near ally of M. complexa Meissn. The stout erect woody 
canelike shoots, the divaricate and interlacing habit of branching, and the 
thin small obcordate-ouneate leaves clearly mark it ofE as distinct. Fresh 
specimens must be studied to ascertain the characters of the flowers and 
fruit. Owing to the entanglement of the twigs and their flexuous form 
it is difficult to make satisfactory dried specimens, as the leaves and flowers 
cannot be directly subjected to pressure, so that they are very apt to curl 
and fall ofl. 


9— Trans. 
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Art. XXXI . — The Igneom Eocks of the Waihi Goldfield, 
By P. G, Morgan, M.A. 

{Read befote iJic W€lh7^ffto}i Philosophical tiociety, oth Odoher, 19 JO."] 
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Introduction. 

In leisure time during the years 1903-5 the writer was engaged in making 
a petrographical study of the rocks occurring in or near the Waihi Gold- 
field. The main object of this study was to obtain data that would be 
of value in a detailed investigation of the geology and the mineral veins of 
that district. It was thought that such an investigation would assist in 
defining the limits of the auriferous rocks, and in discovering the mode of 
origin of the veins and the source of their metalliferous constituents. More 
especially it was hoped that clues to the laws regulating the distribution 
of values in the aurSerous veins and the depth to which payable ore might 
be expected to persist would be found. 

In this work the writer was interrupted by a change of residence and 
occupation. So far as his researches went, the possibiUty of data of high 
economic value being obtained by close petrographical study, by chemical 
analysis, and by other methods of scientific investigation was clearly in- 
dicated. Since the study as originally planned by the writer remains 
woefully incomplete, it is not possible to set forth all that might bo accom- 
plished by scientific work, nor is it advisable to state various conclusions 
that are not fairly well supported by the evidence actually obtained. 

The object of the present paper is to put on record the main results of 
the writer’s petrographical work, with such descriptions as may be useful 
to future workers. It is desired especially to direct attention to the nature 
of the rocks enclosing the veins of the Waihi Mine, and to the type of alte]‘a- 
tion that these rocks have undergone. 

Outline or Geology. 

The oldest rocks exposed in the neighbourhood of Waihi are the altered 
lavas in which the gold-bearing lodes of the Waihi, Grand Junction, 
and other mines occur. These rocks are very generally considered to be 
quartz-bearing andesites and dacites, although a few years ago, when various 
samples from the Waihi mines were determined by Professor W. J. Sollas 
as Stored pyroxene-rhyolites, some doubt as to their true nature arose. 
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The term auriferous series ” may be applied to the rocks in question as a 
non-committal name with respect to their petrographical character. There 
is as yet no very positive evidence available concerning the age of the auri- 
ferous series, but it may be assumed as Eocene, or possibly early Miocene. 

After the ro<*ks of the auriferous series had been subjected to more or 
less denudation, and very probably to the internal change known as propy- 
hzation. a limited amount of material accumulated in valleys or other 
hollows that were doubtless occupied by lakes. Such material, in the form 
of well-slratilied tuff, is exposed in the Grand Junction A or No. 1 shaft 
at a depth of 62(1-64:0 ft. below the siuiare, and about 240 ft. below present 
sea-level. 

Soon volcanic activity on a large scale was resumed, and a second great 
outpouring of andesitic lavas took place. These rocks foim high bills to 
the noi-th of Waihi, and appear on the surface in the open valley west of 
Martha Hill. They also occur to an miknown extent under the younger 
rhyolitic rocks at and near Waihi. In point of age these younger andesites 
and their accompanying tuffs (developed only very slightly near Waihi) 
may be referred to the Beeson’s Island group of 'McKay, or to Fraser’s 
Tertiary Volcanic Rocks of the Second Period.” To the Beeson’s Island 
group may also be assigned the great development of tuffs, in places much 
intersected by dykes, seen along the coast east and north-east of Waihi. 

After the eruption of the ““ Second Period ” voleanics a comparatively 
brief period of rest fi‘om igiieous actmties was followed by the outpouring 
of acid lavas, fc^ome of these were rhyolites of the peculiar brecciated- 
looking typo known as “ wilsonite ” (11,* vol. 1, pp. 123, 124 ; vol. 2, pp. 46, 
138). This rock forms the greater part of the so-called “ Waihi Plains,” 
and wraps partly round the outcrops of the auriferous series. With it 
are associated small amounts of tuff. 

Between Waihi and the coast there appear spherulitic rhyolites, pro- 
bably of approximately the same age as the wilsonite, but possibly older. 
These are well developed east and north-east of Waihi. They are seen on 
the coast north of Hoummiga Bay, at Waihi Beach (where they contain 
auriferous veins), and at Momit Hikuraugi, a conspicuous elevation a few 
miles south of Waihi. 

Breaking through the wilsonite in various places, and therefore of younger 
age, are light-coloured rhyolites of harsh texture. These are observable 
mainly in and near the Town of Waihi, and are also well seen near Wai- 
kino, four miles to the west. 

The various rhyolites may be provisionally regarded as of Pliocene age, 
and as contemporaneous with the great rhyolitic flows of the central part 
of the North Island. 

Some hornblende-andesites that occur near Waihi are younger than 
any of the other andesites, but their age with reference to the rhyolites 
is uncertain. 

The recent surface accumulations of the Waihi district, consisting of a 
little conglomerate, talus, clay, &c., are of little moment from a purely 
geologic point of view. The loamy clay on the slopes of the Martha Hill 
is apparently largely of aerial origin, and might therefore be called loess. 
Since this material furnishes a cheap and efficient filling ” for the Waihi 
Mine workings it has considerable economic value. 


* This and other numbers similarly inserted in braokets refer to list of literature 
at end. 
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Previous Petrographic Descriptions. 

In 1870 Sir James Hector (1) passed through the Waihi district. Ap- 
parently he considered the andesitic rocks of the neighbourhood to be of 
doleritic and basaltic character. On the Waihi Plains he noted the presence 
of trachyte ’’ [? vdlsonite]. To the eastward Hector observed hills capped 
by “ true rhyolite ” or quartzose trachyte [spherulitic rhyolite with 
quartz phenociysts], and on the coast-line cliffs of “ true trHch^i:e agglome- 
rate.” 

In 1882 Mr. S. H. Cox (2), now Professor of Mining in the Royal College 
of Science and Technology, London, made a flying survey of the Ohinemuri 
Goldfield. Cox mapped the rocks near Waihi as “ tufaceous sandstone” 
[propylitic facies of andesites and dacites], dioritic rock, anamesite (?), 
and rhyolite. 

About 1883 the late Professor G. H. F. Ulrich determined by micro- 
scopic study the andesitic nature of the gold-bearing rocks of the Thames 
district. Ulrich’s work, though kno\\Ti only through a communication 
made to Professor F. W. Hutton (3, p. 19) may be regarded as the most 
important contribution ever made to New Zealand petrography. Hence- 
forward the auriferous rocks at AVaihi and in other parts of the Hauraki 
Goldfield if resembling those at Thames were regarded as altered or de- 
composed andesites — an essentially correct conclusion. 

In 1897 Professor James Park, apparently on the strength of micro- 
scopic examinations specially made by Ulrich (3, pp. 27, 28) referred to the 
rocks of the Waihi auriferous series as propylite resulting from the altera- 
tion of hypersthene-augite-aiidesite (3, pp. 26, 87), 

It ought to be remarked that the two rock-specimens determined by 
Ulrich were probably both from the andesitic rocks overljfing the auri- 
ferous series, and hence Park’s determination of the latter as altered 
hypersthene-augite-andesite can hardly be regarded as authoritative. Ap- 
parently this writer at that time regarded the Waihi andesites as all of one 
type and of one geological age. 

Park described the other volcanic rocks at Waihi as rhyolites, of which 
he mentioned there were at least two distinct flows. 

In the same year as the publication last cited an important report on the 
geology of the Capo Colville Peninsula appeared from the pen of Mr, Alex- 
ander McKay (-1), On page 59 are a few sentences referring to the auri- 
ferous rocks in the neighbourhood of Waihi. These are placed in the 

Kapunga group,” but, evidently by design, no specific rock-names are 
given. In the absence of proper microscopic determinations McKay’s 
attitude of reserve may be regarded as being highly correct. The various 
rhyolites near Waihi are described (pp. 67, 68) as spherulitic rhyolite,” 

a remarkable brecciated rhyolite ” (wdlsonite), and an earthy compact 
rhyolite.” 

Largely as a result of the boom in gold-mining that prevailed during the 
years 1895-97, a number of papers in which the nature of the rocks at Waihi 
was more or less cursorily mentioned made their appearance, but for the 
purpose of the present article it is not necessary further to mention these 
publications, which were nearly all of an ephemeral character. 

In 1899 the late Mr. F. Rutley, in association with Professor Park (6), 
described several rhyolites from the neighbourhood of W'aihi, as well as a 
doubtful silicified rock, a supposed silicified andesite tuff, and a supposed 
silioified andesite. Rutley was the first to observe tridymite in the rhyolites 
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of Waihi and other parts of the Hanraki goldfields. His work on the silici- 
fied rocks plainly pointed the way to a theory of metasomatic replacement 
of country* by vein-material. 

The next year Park (6) described a h}^er8thene-andesite stated to be 
from the 300 ft. level (prolDably No. 3 or 279 ft. level) of the TTaihi Mine. 
He noted as original mineials plagioclase, some (probable) oithoclase, hy- 
persthene (much decomposed), a little enstatite, a little possible augite, 
some magnetite, and perhaps quartz. The possible presence of original 
hornblende (indicated by lozenge-shaped spaces crowded with dark dust) 
was also observed. Secondary minerals were magnetite, haematite, ser- 
pentinous matter, calcite, and quartz. 

Park’s determination of orthoclase in this, perhaps the first specimen 
of rock from the AVaihi Mine ever microscopically examined, is noteworthy, 
but, as will be shown on later pages, the primary origin of much or perhaps of 
all the orthoclase in AVaihi andesites and dacites maybe strongly questioned. 

In 1902 the writer, without having made any microscopic examinations, 
but relying on the statements of pre\Tious observers and on the results of 
analyses made by himself and others, stated that “ the Waihi reefs lie in a 
decomposed andesite or propylite, which there is some reason to believe 
is older than the bush-clad andesite of the hills to the north and west.” 
This latter is ‘'of a dilferent character to that forming the [Martha] hill 
itself ” (7, p. 165). 

Two years later, the writer, having examined a number of sections of 
Waihi rocks, incidentally mentions that the '* country ” in which the lodes 
occur is " decomposed quartz-andesite ” (8, p. 429). 

In 1905 Mr. Waldemar Lindgren, the well-known economic geologist, 
made a visit to Waihi. In a subsequent article on the Hauraki goldfields (9) 
Lindgren states, Mr. Park determines it [the country of the Waihi Mine] 
on authority of Mr. Hutton [? Professor IJlrich] as hypersthene-andesite ; 
aU of it, however, is not of that character, for specimens collected on the 
500 ft. levelf in the footwall of the Martha lode consist of a dark-green 
porphyritic rock ^vith recognisable pheiiocrysts of con*oded quartz and 
orthoclase. The feri’o-magnesian silicates, probably pyroxene, are altered 
to serpenlinoid aggregates. Lime-soda feldspars could not be definitely 
recognized, while the groundmass is micropoikilitic, and certainly contains 
much quartz. The rock is thus either a dacite or is intermediate betw'een 
a dacite and a quartz-bearing trachyte.” 

Lindgren also says, The rock adjoining the sulphide ore [at the 500 fr. 
level, Martha lode] has suffered great alteration, although seemingly fresh, 
Pyrite and a carbonate, probably calcite, are abundant in metasomatic 
development, as is a brownish-green serpentine. The veinlets traversing 
it contain much secondary orthoclase or Valencia nit e, together with quartz 
and calcite.” 

A letter written by the writer commenting on Lindgren’s article remarks 
that the lode-bearing rock at Waihi might perhaps be more correctly 
called quartz-andesite or dacite ” (10, p. 861). 

In 1906 and 1906 appeared " The Rocks of Cape Cohille Peninsula, 
Auckland, New Zealand” (11). In this important work, consisting of 

* The term “ countiy rock,” now so commonly employed by writers on economic 
geology, is, strictly speaking, tautological. The miners of the Hanraki Goldfield, as a 
rule, employ the more correct expression, “ country.” 
t Probably the No. 6 or 566 ft. level. 
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petrograpHcal descriptions by Professor W. S. SoUas, with additional 
matter and micro-photographs by Mr. Alexander McKay, nine rocks from 
Waihi mines are described. Of these, one is classed as a doubtful andesite, 
two as pyroxene-rhyolites or andesites, five as ihyolites (mostly pyioxene- 
rhyolites), and one is called '‘a much-decomposed altered (juartz-feldspar- 
pyroxene rock.’' This last rock may possibly belong to the andesites 
overlying the auriferous series. 

SoUas also describes various andesites and rhyolites from the neigh- 
bourhood of Waihi. Reference will be made to some of liis desciiptions 
on a later page. 

In 1908 Dr. J. M. Bell and Mr. Colin Fraser, in an article on the Waihi 
Mine (12), refer to the minc-rocks as altered dacites, containmg stringers 
of calcite, quartz (both chalcedonic and highly ciystalline), oithoclase 
(variety valencianite) in minor amomit, and pyrito. They remark, “ Tlie 
vein-bearing rocks have been described as rhyolites, but careful chemical 
and petrographical investigation have led the wi iters of the present paper 
to classif}" them as dacites ” (12, p. 388). 

In the same paper reference is made to the younger andesitic and dacitic 
lavas and tufis that overlie the vein -bearing dacites. Three types of 
rhyolite — namely, {a) spherulitic rhyolite, (h) pumiceons broccialed flow 
rhyolite (“ vdlsonite ”), and (c) arey litlioidal rhyohtc — aie lecognized. 

Dr. J. Malcolm Maclaren, who is w'ell acquainted with the Hauraki 
goldfields, has also questioned Sollas’s deteimination of the country in the 
Waihi Mine as a hornblende-pvroxene-rhyolite.” After quoting fcJoUas’s 
description (11, vol. 2, pp. 67, 68), Maclaren remarks, In view of the 
occurrence of orthoclase (valencianite) in the lodes of Waihi, and of the 
exceedingly altered state of the country, it is conceivable that the ortho- 
clase found in the above rock may be valencianite due to secondar}- action ; 
indeed, considerable indication of such a growth is outlined in the fore- 
going petrological description [Sollas’s]. It is therefore probable that the 
highly decomposed rocks of the Waihi area do not represent original 
rhyolites, but a local succession of andesites, dacites, and even more acid 
rocks that have been so thoroughly altered by soliatanc solutions that 
many of their original characters have disappeared ” (13, p. 315). 

In 1909 Mr. A. M. Finlayson, in an article* entitled Problems in Ihe 
Geology of the Hauraki Goldfields, New Zealand’' (14), remarks on tlie 
occurrence of valeuciauile (adulaiia) as a secoiidaiy product in the ctuii- 
pletely altered rocks of Waihi. He isolated and analyzed the mineral, 
with the following results : — 


SiO, 


• b * 

. . 66-85 

A1,0, 

• » 

• * « 

. . 18-48 

K^O 


• • b 

.. 11-26 

Na,0 

•• 

.. 

.. 4-11 




99-69 

Specific gra'i’ity 

, , 

. . 

. . 2*61 


Finlayson says, In view of the fact that this orthoclase is, in the 
specimens examined, of secondary origin, while the primary feldspars are 
soda-lime varieties, the original rocks appear to have been in the main 
andesites and dacites The presence of soda in the Waihi 
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Talencianite is doubtless due to its derivation from soda-feldspars by the 
action of the potash-bearing vein-solutions ” (14, pp. 634-35). 

Finlayson also made a series of instructive analyses of specimens, all 
except one of which were from a crosscut to the Empire vein at the 850 ft. 
level of the Waihi Mine. These analyses show clearly the transition from 
chloritized honiblende-dacite,” with 58-39 per cent, of silica, to “ altered 
dacite,” with 61*78, 69*35, and 76*61 per cent, of silica, and finally to 
“ replacement ore,’’ with 85*65 per cent, of silica. 

In his latest work Professor Park refers to the rocks of the Waihi 
Goldfield in much the same terms as in 1897. The amiferous rocks are 
called '' altered andesites and dacites ” (15, p. 349). 

In a recent paper, entitled “The Waihi Goldfield” (16), Dr. J. M. Bell 
mentions the Waihi rocks by the same names as in the previous article 
by himself and Mr. C. Fraser (12). 

Special Petrography. 

From February, 1903, to May, 1905, the writer made and microscopic- 
ally examined a large number of sections from specimens of rocks occur- 
ring in or near the Waihi district. These will be described and discussed 
under the following headings : — 

(1.) Eocks of the auriferous series. 

(2.) Stratified tuff of the Grand Junction sliaft. 

(3.) Andesites and tuffs of the “ Second Period.” 

(4.) Khyolites. 

(5.) Andesitic rocks of doubtful age. 

(1.) Bocks of the Auriferous Series. 

(a.) Quartz-andeaiteB mid Dacites, 

The specimens from which sections were made are for the most part 
from Nos. 5 and 6 levels* of the Waihi Mine. These levels correspond 
to depths below the surface of 445 ft. and 555 ft. respectively as measured 
from the collar of No. 1 shaft. Three or four are from higher levels of the 
Waihi Mine, and a few come from the Grand Junction and Waihi Extended 
Mines at depths of appi’oximately 480 ft. to 500 ft. below the surface. 

Macroscopically the specimens are generally dark-grey or greenish close- 
grained rocks, showing porphyritic feldspars of moderate size and a few 
phenocrysts of glassy quartz. Numerous dark altered crystals are refer- 
able to pyroxenio or amphibolic minerals. A marked effervescence with 
cold dilute hydrochloric acid in practk*ally all specimens indicates the 
presence of calcite. 

Under the microscope most sections exhibit many crystals of moderately 
or weU twinned plagioclase which by the extinction angles and relative 
indices of refraction as compared with other minerals and with Canada 
balsam are shown to be mostly acid labradorito. Andcsino is present in 
many cases. The twinning is nearly always on the albite law : pericline 
twinning is somewhat rarely seen. Zonary banding, pointing to a difference 
in the composition of individual crystals, is quite common. Nearly univers- 
ally, if not always so, the more acid feldspar (usually near andesine) is on 
the outside. 

These are the-numbers given in published plane and reports; at the mine itself 
the practice is, or was, to call these levels Nos. 6 and 7. 
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As regards alteration, the plagioclases vary from quite fresh iudhuduals 
showing good thinning to highly decomposed crystals in which the original 

inning has all but disappeared, and is indicated only by a faint banding 
in ponions of the crystals.*" Prom these it would seem but a small step 
to the highly altered feldspars without a trace of twinning that are com- 
monly present. The alteration-products are largely calcite a,nd quaitz. 
Some muscovite is occasionally present in small flakes, and in odd instances 
haematite fills the cleavage-cracks. The most-altered plagioclases (those 
with just a trace of repeated twinning) show a mosaic which is mainly 
secondary quartz and feldspar. The exact nature of the latter is not 
always apparent, hut in some cases it can he determined as valencianite. 
In one instance where a microscopic vein of quartz and calcite crosses a 
section valencianite may be obser^^ed replacing a crystal of plagioclase 
intersected by the vein. 

Nearly all the sections have feldspar ciystals that by their optical pro- 
perties appear to he orthoclase. These are in some instances fresh, and 
show Carlsbad twinniim. One such crystal, with extinction angles of 
19{° and 19^°, has one half slightly but decidedly zonary. Many of the 
orthoclases, however, are much altered, and consist mainly of a mosaic of 
quartz and calcite, with some muscovitCj iron-oxide, &c. The apparently 
residual feldspar in many cases suggests valencianite, but to prove decisively 
that it is really secondary is no easy matter. A consideration, however, of 
the manner in which transition forms occur between undoubted plagioclase 
and the crystals in question leads to the conclusion that the latter must 
represent highly altered lime-soda feldspars. In thib connection the almost 
in^'ariable presence of calcite is strongly suggestive of an original lime- 
content. 

Original quartz grains are present in all the sections. Some sections 
have only one or two small quartz grains, others have several compara- 
tively large phenocrysts. All the quartz grains have rounded outlines, 
in many instances with deep bays, and thus show clearly the effects of 
corrosion by a fluid magma, Teiy rarely can an approach to bi-pyramidal 
outlines he seen. Occasionally the grams of quartz seem to include small 
rounded patches of the groundmass, but these are probably all, or nearly 
all, embayments cut across in the sectioning. 

Ferro-magnesian minerals are represented by fairly numerous pheuo- 
ciysts, generally entirely altered to chlorite, serpentinous matter, iron- 
oxides, &c. Ill a few sections augite is quite recognisable. Hypexsthene 
or similar rhom]:)ic pyroxene seems to have been originally present in every 
section. Hornblende is probably represented in odd sections ])y dark 
lozenge-shaped masses siinilar to those described by Park (6, p. 343). 

The other original niiaerals present call for little description. Small 
crystals or grains of magnetite axe always seen. Some of these, however, 
are presumably due to the decomposition of ferro-magiiesian minerals. The 
magnetite is often partly altered to a leucoxenic-looking mineral, hut this, 
according to Finlayson, is probably siderite. Apatite can usually he dis- 
tinguished as small needles in the feldspars. Zircon is possibly present in 
one or two sections. 

The groundmass in the various sections varies considerably in amouut, 
but may he said to form much more than half the rock, as a rule. In the 


’^SoUas speaks of similar feldspars as showing traces of mioroperthitic structure 
(11, vol. 2, pp. 18, 64). 
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fresher examples an abundance of small feldspar laths crowded together 
in more or less parallel arrangement is present, and thus the structure is 
decidedly inclined to be pilotaxitic ; but, since calcito and other alteration- 
products are invariably present to some extent, tlie original pilotaxitic (or 
possibly hyalopilitic) structure is partly obscured. More commonly the 
gromidinass consists mainly of a granular mosaic of quartz, feldspar, and 
calcite, with minor amounts of other minerals. 

{h.) WalUrochs. 

The rocks now to be discussed are from the same localities as those 
coming under (<z), except that, as indicated by the heading, the specimens 
examined were obtained either within a few feet of the larger veins or were 
taken from the actual walls of the veins. 

Macroscopically the wall-rocks are evidently more highly altered than 
those some distance fi*om the veins. They are lighter-coloured, and do 
not effervesce so freely ^uth hydrochloric acid. Feldspar and, less com- 
monly, quartz phenocrysts may be observed. Ferro-magnosian minerals, 
while usually distinguishable, are always intensely affected by decompo- 
sition. 

Under the microscope the sections show extreme alteratioii. The feld- 
spar phenocrysts are nearly all so decomposed that the identification of 
their original character becomes uncertain. In one oj* two sections fairly 
fresh binary twins of orthoclase may be recognized. In most of the sections 
there are feldspars showing traces of repeated albite twinning, and hence 
it may be concluded that these feldspars were originally plagioclase. In 
the main, however, albite twinning is absent, and, since the refractive index 
of any recognizable feldspar is well below that of Canada balsam, the mineral 
approaches orthoclase or anoii/hoclase in its characters. The most highly 
altered feldspars consist of a mosaic of quartz and feldspar, with minor 
quantities of calcite and “ kaolinitic ” matter. In some cases the feldspar 
of the mosaic is evidently secondary, and therefore to be termed valen- 
cianite.” In other instances, however, its secondary nature is less certain, 
though appearances are generally quite consistent with such a conclusion. 
The so-called kaolinitic ” matter mentioned above is sti’ongly suspected 
to be near sericite in composition, but in tlie a])sonce of chemical tests its 
exact nature seems indeterminable. 

Original ((uartz grains appear exactly as in the rocks coming under 
the last heading, except that they are in some instaiU'cs in optical continuity 
with clearly secondary (piartz, a phenomenon not observed in the less- 
altered coimtry. 

The ferro-magnesian minerals are entirely altered to chloritic material, 
^\dth a little iron oxide, &c., so that the oiigiual species can hardly be more 
than guessed at. Rhombic* pyroxene may perliaps be assumed as having 
been present. Primary hornbiende is doubtfully indic'ated by the presence 
of many small magnetite grains in some of the chloritic matter which has 
outlines possibly referable to amphibole. 

Other original minerals include a little magnetite, often with leucQxeno- 
like alteration (? to siderite). and a few small needles of apatite. A section 
made from a diamond-drill core obtained in the Grand Jimction Mine at a 
depth of neaily 800 ft. from the surface shows a nest of some mineral with 
the appearance of tridyniite. 

The grouudmass in the sections of wall-rocks is a granular mosaic com- 
posed largely of quartz, with probably more or less valeucianite, a little 
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calcite, (fee. An almost opaque streaky substance, nearly white by reflected 
light, forms much of the groimdmass. Such material is often referred to 
as ‘‘ kaoliuitic/’ but, ab pre\’iously remarked, is probably near soricite in 
composition. 

Of secondary minerals not already mentioned, pyrite, almost invariably 
in small cubes, is the most conspicuous. Epidote or alhed mineral may 
very rarely be present. 

(c.) V ehi~mntei laL 

The vein -material of the Waihi mines largely replaces coiuitry, and 
therefore will be discussed to some extent. In the upper levels of the Waihi 
Mine the vein-material is quartz, with a little clay, iron and manganese 
oxides, (fee. Some of the quartz is crystalline to the eye, and has obviously 
been deposited in open spaces. Much, however, is of flinty or chalcedonic 
appearance. Sections of this chalcedonic material show that it is mainly 
an indefinite kind of mosaic that resembles the quartz mosaic seen in highly 
altered wall-rock, and it therefore suggests replacement or sihcification of 
country. This vievr is supported by a study of the ore from lower levels. 
The following analysis*^ of a representative piece of oxidized ” ore from 
one of the upper levels shows that the material is far from being pui*e 


quartz : — 

SiOa . . . . . . . . . . 89-98 

Al^Og .. .. .. .. .. 1-82 

FejjOj (including FeU calculated to Fe^jOg) . . 5-62 

jVLiO and NiO . . . . . . . . 0-39 

H,0 at 100^ C 0-26 

Loss on ignition . . . . . . . . 1-60 


99-67 

Gold, 2 oz. 5 dwt. 17 gr. per ton. Silver, 10 oz. 2 dwt. 12 gr. per ton. 

Sections made from a portion of the specimen that furnished the material 
for the above analysis show ore with replacement characters seamed by 
tmy veins of crystalline quartz. 

In Nos. 5 and 6 levels (145 ft. and 555 ft.) of the Waihi Mine the pieseiice 
of partly unsilicifled country in the veins is easily lecognized. In places 
quite a large proportion of the vein-material is dark-coloured rock, which 
ill some instances is actually less altered than the wall-rock. 

Sections of the less-silicified rock from the veins are very like those of 
the wall-rocks. Feldspar is the chief original mineral recognizable. Some 
individuals \vith feldspathic outlines are mosaics of quartz and presumably 
secondary orthoclase or anorthoclase, together with more or less kaolinitic, 
or more probably sericitic, material. In places fresh, easily recognized 
valencianite with good cleavage and low index of refraction occiu’s. Binary 
twins of apparent orthoclase are observable in at least one section. In 
several slides traces of repeated albite twinning are quite distinguishable 
in the feldspars, and in one section acid labradorite, and perhaps andesine, 
can be identified. Some original quartz in rounded grains is present in all 
the slides, Ferro-magnesian minerals are in general even more altered than 
in the wall-rocks, and are represented by somewhat mdefinite masses of 
chlorite and other minerals, particularly pyrite, so that the original species 


♦ See 7, p, IS2. 
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cannot be ascertained. The groundmass is more or less a quartz mosaic. 
Other minerals present in it are magnetite, pyrite, and calcite. 


(f/.) JJisvussion of Nomenclature. 

With the notable oxc-eptioiis of Sollas, and to some extent of Lindgren, 
the various writers who have been quoted on previous pages substantially 
agree in describing the rocks of the auriferous series as andesites, quartz- 
andesites, or dacites. Lindgren hesitates between dacite and quartz- 
trachyte as a name for these rocks ; but this geologist examined wall-rock 
from the Waihi Mine only. It would also seem to be the case that all, or 
nearly all, MoUas’s determinations were made from samples of highly altered 
rock adjoining large veins. Had SoUas been given an opportimity of 
examining a series of less-altered specimens taken some distance from the 
larger ore-bodies it is probable that he would have reached conclusions 
more in agreement mth those of New Zealand workers.* As matters stand, 
however, the presence of much apparent orthoclase has given rise to a diffi- 
culty in naming the auriferous rocks. 

From the petrographical descriptions given on the preceding pages it 
will be gathered that there is much evidence for the view that most, if 
not all, of the supposed original orthoclase is of a secondary character, 
replacing original lime-soda feldspar, as has already been suggested by 
Maclaren and Finlayson. Thus the determination of the auriferous rocks 
as quartz-andesites or dacites (these terms being here used as all but identical 
in meaning) may be regarded as proved, at least as regards the Nos. 3, 4, 5, 
and 6 levels (279 ft., 353 ft., 445 ft., and 555 ft.) of the Waihi Mine, the 
500 ft. level of the Waihi Extended Mne, and the 494 ft. level of the Grand 
Junction Mine. There is no reason for supposing that the rocks of the 
Waihi-Union and Waihi-Silveiton Mines are of diffeicnt character. Samples 
of the less -altered country from all the Waihi mines show a great 
similarity, so that they are possibly all of one original type — ^probably a 
h}^erstheno-dacite with some augite and perhaps a little hornblende. 

Chemical analyses of the less-altered mine-rocks entirely support their 
determination as dacites of a somewhat basic type. The analyses known 
to the writer show a silica-content ranging from 55 to 61 per cent., with 
other constituents in proportions normal to an ordinary andesite or dacite 
that has been somewhat affected by solutions containing carbon -dioxide. 
The following determinations of silica and winter made on rocks from the 
present lowest level of the Waihi Mine, communicated to the writer by 
Mr. A. H. V. Morgan, M.A., Director of the Waihi School of Mines, show 
that the rocks at that level are, if anything, less acidic than in the upper 
levels : — 


I 

II 

I, country in crosscut at 1,000 ft. level tow^ards Royal reef, about 50 ft. 
from No. 5 shaft ; IT, country in crosscut at 1,0<M) ft. level from No. 5 shaft, 
about 50 ft. south of No. 4 shaft. 


Moisture lost 
at 100° C. 

. . 2*30 
. . 1-80 


SiOjj. 

55*13 

56-23 


*" vSollas, however, regarded some of the rocks he examined as possibly andesites, 
and his descriptions of specimens 3/2719 and 4/2721 (11, vol. 1, pp. 128-^) may be 
cited as evidence that he was inclined to call rocks similar to those from the Waihi mines 
altered dacites or andesites. 
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(e.) Altej'ation of Vein-bearing Daciips. 

From the precedmi^ pages it will be gatbeied that near the quartz lodes 
the dacites are partly silicitied, especially in the grouiidma&s. The original 
bme-ooda feldspars have been almost entirely replaced by valenciaiiite, 
quaitz, probable berieite, and other minerals. Chloritization of the ferro- 
magnesian constituentb is prominent. In the sulphide-oxe zone more or 
less pyrite is present. 

At some distance fiom the veins chloritization of the feiTo-magnesiaii 
minerals is perhaps the most noticeable feature. Many, but nor all, of 
the lime-soda feldspars appear to be replaced by valenciaiiite. Calcite as 
a secondary mineral is more abundant than in the wall-rocks. Other 
secondary minerals are quartz, a little p^uite, and perhaps some muscovite 
and sericite. 

By the changes outlined in the last paragraph what may be called the 
propylitic facies is brought about. The name propylite ” for such rocks, 
as used by Park and other-s, is a most convenient term that undoubtedh 
fills a want, and it is therefore to be regretted that the usage is open to the 
objection that the name was originally mt ended to mdicate a distinct rock 
species. 

Fui-ther discussion of the iiatime of the orthoclastic feldspar of the 
altered dacites seems desirable. Some is clearly secondary, and is there- 
fore valenoianite. Finlayson has shown that this valencianite is a soda- 
orthoclase or anorthoclasc (14. p. 634). Mnch more abundant, however, 
are altered feldspar crystals, now consisting partly of untwimied feldspar 
of low refractive index, partly of quartz, calcite, and other minerals. 
Reasons for believing that the feldspar in these crystals is not the remains 
of the original mineral, but is an alkali (potash-soda) feldspar of secondary 
character, are the following : — 

(1.) In many sections evident transitions fi*om lime-soda feldspars to 
purely alkali feldspars may be seen. 

(2.) The nearer the lodes, the less the number of recognizable lime-soda 
feldspars, and the greater the number of alkali feldspars. 

(3.) Chemical analyses show comparatively low percentages of silica 
and potash in the altered dacites when 30 ft. or more from any large lode. 

(4.) The alkali feldspars usually contain as a decomposition-product 
calcite, and therefore the presence of lime in the original feldspar is indi- 
cated. 

Of the highly altered feldspars, it cannot be asserted that all \\ere 
originally lime-soda feldspars, but it seems certain that at least the majority 
were such. There may, however, be reason for thinking that the fresh 
but rarely seen indi^'iduals of apparently pure potash feldspar with biuaiy 
twinning are primary. It would be difficiilt to prove the contrary. 

If the possibility that some of the alkali feldspar is original be admitted, 
then it may be supposed either that orthoclase was a constituent of the 
original andesitic or dacitic magma, or that during or immediately preceding 
eruption there was some mixing of an andesitic magma with a rhyolitic 
differentiate. The presence of corroded quartz seems to support the latter 
hypothesis, which is decidedly an attractive one, however slender a founda- 
tion it may rest upon. 

(/.) Significance of PiopyUfic Facies, 

It may be asked whether the propylitic facies, as developed at Waihi, 
does not necessarily involve the formation of secondary alkali feldspar 



Morgan. —The Igneous Rocks of the W a ihi Goldfield. 269 

replacing lime-soda feldspar. It cannot be doubted that such a change has 
taken place to some extent in the rocks some distance from the veins, but 
more especially in the wall-rocks. The chief agents in ordinary propyliza- 
tion are without much doubt carbon -dioxide and water, and at Waihi a 
considerable amount of potash appears to have been introduced when 
propylization took place, so that a propylitic* facies, which is possibly some- 
what unusual,*^ was brought about. 

The appearance of the propylitic facies seems close W connected in some 
way with ultimate silicihcatioji in the neighbourhood oJ planes of fracture — 
that is to say, with veiti-forniation. The concentration of metallic minerals, 
and more especially of gold and silver in the veins, gives a high economic 
value to any successful attempt to explain the various phenomena attending 
vein-formation and the localization of ore-shoots and bonanzas. It seems 
certain that vein-formation in propylitic rocks is due to ascending solutions, 
which also arc presumably the earners of metallic minerals, and yet in the 
Hauraki Goldfield the influence of the country on the localization of values 
is enormous. As the basis of a working hypothesis, it may be suggested 
that, in effect, a double circulation was set up by some unknown factor or 
factors ; whilst carbon-dioxide and potash in aqueous solution made their 
way hundreds of feet from the vein-fractures, other substances from the 
country entered the veins, and probably caused or aided the precipitation 
of gold, silver, and other metals. Osmosis and electro-chemical agencies 
may well be supposed to have been concerned in the double circulation thus 
invoked. It is wished, however, rather to emphasize the conception that 
there was interaction between the whole body of propylitic rock and the 
ascending vein -forming solutions during the period of propylization. In 
othei* words, propylization and vein-formation were contemporaneous and 
to a great extent interdependent. 

Problems to be solved at \\'’aihi and elsewhere are : What are the 
conditions necessary to propylization ? Does the propylitic alteration im- 
mediately succeed the extrusion and solidification of dacitic or andesitic 
lavas, or does it take place at a later date ? Is it a long-continued or a 
rapid process ? Again, does vein-iorraation accompany propylization as a 
more or less necessary concomitant, or does it simply follow mainly because 
rocks with the propylitic facies afford better facilities in some way for vein- 
formation ? The economic geologist vdll bo further interested to learn, if 
possible, why quartz veins in propylitic rocks more often contain appreciable 
quantities of gold and silver than quartz veins in other classes of rocks. 

The discovery of the laws regulating the distribution of ore-shoots and 
bonanzas in the quartz veins of the Hauraki goldfields probably depends 
in great measure upon the scientific investigation not only of the ore-bodies 
themselves, but of the enclosing rocks. It has been said by many persons — 
some with a sound practical knowledge of mining in the Hauraki goldfields — 
that it is impossible to discover such laws ; but the progress made in economic 
geology during the past twenty years gives hope that rules possessing real 
value may yet be formulated. 

(2.) Stratified Tuff of the Grand Junction Shaft. 

At a depth of about 620 ft. the Grand Junction A or No. 1 shaft passes 
from andesite into fine-grained volcanic debris or tuff, which at 630 ft. to 

* A similar facies is developed at Kja*angaliake, and jjoasibly elsewhere in the Hau- 
rald Peninsula. 
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640 ft. is in well-marked layers witK a dip of 21® to 22° to the southward. 
At some depth not exactly ascertained by the \Miter this shaft enters the 
older rocks of the auriferous series. 

Pieces of much-altered wood stiU retaining about 30 per cent, of carbon 
were common in the material excavated from the shaft at 620 ft. to 630 ft., 
or thereabouts. These, evidently derived from shrubs or small trees, 
averaged less than 1 in. in diameter, and were in no case more than a few 
inches long. Sections made of the enclosing tuff show its fragmentary 
character very well, especially by reflected light. The constituents appear 
to be mainly highly decomposed broken feldspar crystals, \vith a few grains 
of quartz and other minerals. The secondary products present are calcite, 
chlorite, pyrite, and nearly opaque kaolinitic matter (probably mainly 
sericite). 

The weU-stratified tuff at 630 ft. appears to have suffered but little 
alteration comparable to that involved in the propylitic facies of the under- 
lying auriferous series. There is therefore some reason for thinking that 
propylizatioii of the latter rocks preceded the deposition of the tuffs ; but 
before any definite conclusion, if such is possible, can be drawn from the 
line of reasoning here indicated a more detailed study of the tuff than 
that made by the writer will be advisable. 

(3.) Andesites and Tuffs of the Second Penod,^^ 

(a.) Andemtes, 

Near AYaihi the rocks of the Second Period ” are almost wholly ande- 
sitic lavas, which in the main closely resemble one another. They are 
greyish, bluish, or even nearly black rocks, with numerous phenociysts of 
feldspar and pyroxene. Macroscopically they differ from the earlier quartz- 
andesites or dacites chiefly in being, as a rule, very much less altered. Under 
the microscope the younger andesites show practically no orthoclase, and, 
though primary quartz grains are usually present, these occur to a notice- 
ably less extent than in the older volcanic rocks. 

The chief type represented is a hypersthene-augite-andesite wdth a 
pilotaxitic or semi-pilotaxitic base. The feldspars are usually fresh and 
weU-twdnned basic andesine or acid labradorite. The twinning is generally 
of the ordinary albite type, but other forms are occasionally seen, and good 
zonary banding is quite common. In very rare instances a crystal of what 
appears to be orthoclase may be seen in a section. 

Quartz, usually present, is in rounded grains of moderate size, and has 
the same characters as in the auriferous rocks. The occmTence of a very 
largo bleb of white quartz in a sample of andesite collected near the Mataura 
track by Mr. F. T. Seelye, of the Waihi School of Mines, deserves note. 
Sections of this, microscopically examined, were found, except in small 
areas, to be optically homogeneous. 

Augite occurs in the usual way, and is in many eases very finely twinned. 

A rhombic pyroxene is usually present in abundance. In some slides 
it predominates over augite, w'hfle in others the reverse is the case, but, on 
the whole, the rhombic and monoclinic pyroxenes are about equal in amount. 
Generally the rhombic pyroxene is hypersthane, which, while showing 
well-marked pleochroism, is not of a very ferriferous type, and probably 
approaches bronzite. In many cases more or less enstatite is present, in 
some to the total exclusion of hypersthene. The rhombic pyroxenes are 
decidedly more subject to alteration than the augite. In sections of 
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specimens from the 500 ft.* levels of the Waihi Extended and Grand Junc- 
tion Mines they are converted almost wholly into chlorite, and elsewhere are 
not uncommonly partly chloritized. 

In a few slides a little hornblende with resorption border is present. 
Lozenpo-shaped bodies filled with dark dust such as have been observed in 
the older lavas are not rare and in the absence of further study may be 
presumed to represeut hornblende that has suffered almost complete resorp- 
tion. 

The other primary minerals present in the hypersthene-augite-andesites 
are magnetite in small grains, apatite in microscopic needles penetrating 
phenocrysts of feldspar and pyroxene, and possibly one or two of the rarer 
rock-forming minerals, such as zircon, in tiny grains. 

In the Grand Junction and Waihi Extended Mines alteration of the 
Second Period rocks overlying the auriferous series is in places very marked. 
Besides the chloritization of the ferro-magnesian minerals, the feldspars 
may be much decomposed, with the production of oalcite, quartz, and 
kaohnitic ” matter (probably mainly sericite). Though these effects are 
seemingly of a propylitic nature, they may be partly due to meteoric 
solutions. In specimens from shafts and boreholes on the western side of 
the Martha Hill much alteration is also apparent. In this area serpentine 
is a prominent secondary mineral in the andesites. 

Since the decomposed rocks mentioned in the last paragraph are not 
known to contain any auiiferous-quartz veins, it may be supposed that 
their alteiution was not associated with the formation of ore-bodies. The 
question deserves investigation, however, for the alteration may possibly 
have taken place during a period when the lodes in the underlying auri- 
ferous series were being enriched, or at a time when values in these lodes 
were being concentrated in ore-shoots. 

In the hills towards the coast-line north-east of Waihi are several varieties 
of andesitic rocks that differ from the ordinary hyperstheiie-aiigite-andesite. 
These, since they occur somewhat outside the area intended to bo described 
in this paper, will not be further mentioned. 

(&.) TlifjB. 

On the top of a hill somewhat more than a mile north-west of the 
Martha Hill is a small outcrop of coarse tuff underlain by a thin clayey 
layer, below which comes an ordinary andesite. A sectioii made from 
one of the boulders shows that it is a vesicular hornblende-andesite, with 
some augite. The vesicles are lined by a yellow undetermined substance. 
Another boulder proved to be an andesite with beautifully twinned augite 
and a slightly pleochroic rhombic pyroxene (bronzite). It is quite possible 
that the tuff under notice belojigs to a later period than is here assumed, and 
ought to be associated, with the hornblende-andesites described on page 273. 

The andesitic tuffs that appear some miles north-east of Waihi and 
along the coast-line have not been examined in detail by the writer. 

(4.) Rhyolites, 

As already mentioned, three types of rhyolite occur near Waihi — one 
spherulitic, the second (wilsoriite) with a peculiar flow structure, and the 


* In the Grand Junction Mine the exact depth is 494 ft, below the collar of the 
A or No. 1 shaft. 
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third a light-coloiu'ed fine-grained rock with few phenocrysts. This latter 
rock contains nests of tridymite, and therefore for the sake of distinction 
will be designated the “ tridymite-rhyolite.” 

(a.) iSpherulifiC Rhyolites. 

Macroscopically the sphenilitic rhyolites show numerous spheruUtes, 
many grains of quartz, and occasional small plates of biotite. A little 
secondary opal is present in some specimens, and may show good “ fire.” 
Under the microscope quartz appears in large grains, with many gas en- 
closures. Small crystals of plagioclase and biotite may also be present. 
The greater part of every section, however, is seen to consist of spherulites. 
The exact nature of the spherulites in Hauraki rhyolites has been discussed 
by E-utley (5, pp. 451 et seq.) and Sollas (11, vol. 1 , pp. 120-22). Eutley 
regards them as being composed of devitrified glass, whilst Sollas, beyond 
adducing evidence opposed to the devitrification theory, makes no very 
definite pronouncement. For the present it may be assumed that the 
spherulites approach orthoclase in composition, and were formed during 
the final consolidation of the rhyolites. 

In a section of rhyolite from the hills about a mile and a half east of 
Waihi a quartz-grain is seen to form part of a spherulite boundary. Hence 
in this case the spherulite is obviously of later formation than the quartz. 
In the same section a phenomenon which may be termed spherulite within 
spherulite occurs. 

At Waihi Beach a beautifully spherulitic rock is traversed l)y auriferous- 
quartz veins. Sections show that the rock is more or less silicified, much 
secondary quartz mosaic being present. Feldspar (probably orthoclase) 
appears in imperfect crystals, one of which is imbedded in a spherulite. 

A small vein traversing one of the sections from Waihi Beach consists 
of a fine quartz mosaic cementing and in part replacing fragments of coun- 
try. It may from this be inferred that the auriferous veins of this locality, 
like those at Waihi, are largely replacement veins following fracture planes 
or zones. ' 

The rhyolites referred to above are more fully described by Sollas ( 11 , 
vol. 2, pp. 36, 112), 

(&.) Wilaonite. 

The peculiar rhyolitic rock commonly known as wilsonite ” has been 
described by Sollas ( 11 , vol. 1, pp. 123, 124; vol. 2 , pp. 46, 138). The same 
rock is mentioned by Park (3, p. 88 ) and McKay (4, p. 67), and has probably 
been described by Eutley ( 6 , pp. 460, 461, No. H 13 ). 

The freshest obtainable specimens of wilsonite show pinkish or pm*plish 
surfaces flecked with numerous black streaks. The fractured rock has a 
somewhat vitreous lustre. "When affected by surface weathering the pur- 
plish portion of the rock become nearly white, and the dark portions tend 
to approach a light-grey colour. Highly weathered rock is of a nearly 
uniform almost white colour. In places wilsonite tends to pass into a tuff, 
owing, it is believed, to brecciation of smface portions that solidified before 
the cessation of flow. Bounded fragments of andesite, usually from J in. 
to 1 in. in diameter, are very common as inclusions in the wilsonite. These 
are most noticeable in the highly weathered rock, which also is usually 
the most tufaceous-looking. 

♦Sollas stated (11, voL 1, pp. 122, 124^ that he intended to deal more fully with the 
questions of structure, origin, &c., in a final report. This, apparently, was not written. 



Morgan. — The Igneous Bocks of the Waihi Goldfield. 273 


Porph}’Titic grains ot quartz and feldspar are easily detected in tlie 
unweathered wilsonite. Sections examined under the microscope show 
that the feldspar is mainly oligoclase and oligoclase-andesine. Some of the 
more basic feldspars may be andcsino, or even acid labradorite. A little 
orthoclase is probably present. Small fragments of ferro-magnesian minerals 
also appear. 

Tlie greater pai‘t of the sections consists of a glassy base nearly, but not 
quite, isotropic. The bulk of the glassy matter shows a streaky flow struc- 
ture, but there are also small patches of brovnish glass not aflected by 
flow. The dark streaks of the hand-specimen are plainly visible, and from 
the manner in which they pass into the lighter portions the view that the 
rock is a lava and not a tuft receives emphatic support. 

(c.) Tridymite-ihifohtes. 

The tridymite-rhyolites in the neighbourhood of Waihi appear as a 
number of small flows that at several points may be seen breaking through 
wilsonite. They are greyish-white rocks of even grain, but somewhat harsh 
texture. Fluxion structure is usually more or less apparent to the eye, 
and on close examination small glassy feldspars may be detected. Frag- 
ments of andesite, and possibly other rocks, are commonly noticeable. In 
a flow on the east side of the Martha Hill charcoal has been obseived at two 
points — namely, in the Grand J miction A shaft, at a depth of 110 it. to 
112 ft. from the surface ; and in the chamber at No. 3 level adjoining No. 4 
shaft, Waihi Mine (depth below shaft-collar, about 195 It.). 

Sections of the tridymite-rhyolites from various localities show that 
they are composed mainly of a glassy base with a fine corrugated flow struc- 
ture. The scattered phenoerysts are mostly plagioclase (oligoclase or 
andesine). Eutley has reported sanidine (5, p. 460). Small broken crystals 
of green hornblende, augite, and hypersthene (SoUas), probably zenoliths, 
are occasionally obsen^able. An interesting point is that most of the sec- 
tions show nests of tridymite, which apparently takes the place of free 
quartz. Slightly decomposed or altered specimens — for example, the 
charcoal-beaiing rock from the Grand Jiuiction shaft — do not show any 
tridymite, but secondary quai*tz may be observed. Magnetite and zircon 
(SoUas) are present in some sections. 

The tridymite-rhyolites near Waihi have been minutely described by 
Eutley (5, pp. 457-60, Nos. and SoUas (11, vol. 2, pp. 14-15 and 

66-67). 

(5.) Andesitic Rocks of Doubtful Age. 

Under this heading are included some of the younger andesitic rooks 
that were not sufficiently studied to enable the determination of their relative 
ages with reference to one another and to the rhyolites to bo made. The 
rocks thus occurring are hornblende-andesites of a variable character. 

The most notable occurrence of such rocks is the andesite forming the 
Elack HiU, east of Waihi. In places it shows well-marked though not 
perfect columnar structure. The rock is not very uniform in appearance, 
but in the main is a dark-grey hornblende-andesite, sections of which, 
besides abundant hornblende, show’' a little augite, and in places biotite. 
The feldspar phenoerysts are probably oligoclase-andesine. A little mag- 
netite and apatite in fine needles are present. A nearly isotropic mineral 
of very low refractive index was not determined. The base contains nume- 
rous feldspar microlites, and with a J in. objective exhibits a kind of feathery 
appearance under crossed nicols. 
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Sollas (11. \o]. 2, pp. 13, 14) dcsciibes a sample of rock from the Black 
Hill as a light-grey hyalopilitic andesite, with hornblende and biotite. He 
also mentions the possible piesence of quartz and tridymite. 

The Black Hill andesite contains in places small hne-giained segregations. 
One of these on microscopic examination exhibits numerous small feldspar 
laths of lather basic type (labradorite), together with small phenocrysts of 
augite, (‘hlorite, and plentiful magnetite imbedded in a glassy base. The 
stiucturo is reminiscent of an ordinary basalt. The transition border con- 
sists of large feldspars near andesiue, with some hornbio]>de. enstatite or 
h 5 "pex*sthciie (near bronzite), biotite, and quartz (very raie) imbedded in an 
obscure apparently more or less glassy base. 

One section of a rock from a spot on the east side of the Ohinemuri 
Eiver about a mile and a half north-east of Waihi shows a hornblende- 
andesite with some biotite, augite, and h^^iersthene (rare). A second 
section contains more hypersthene, but less augite and biotite. It thufc» 
approaches veiw’ nearly the Black Hill rock described by Sollas. 

About tw"o miles and a half west of Waihi. along the course of the water- 
race to the Victoria Battery (Waikino), there occurs a hornblende-andesite 
with some augitc and enstatite (or bronzite). The tw^o sections made differ 
considerably in the relative proportions of rhombic pyroxene, so that a 
w'ant of homogeneity in the rock-mass is again apparent. 
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Ari’. XXXII . — J Note on the Structure of the Southern Alps. 

By P. G. Morgan, M.A. 

[Bead hefoie the Wdluujiov Philosophical Soiietij^ 5th OcU^er^ 1910.’] 

In Hoohstetter’s New Zealand ” (English translation), on page 487, two 
geological sections from east to west across the South Island \vill be found. 
One of these, after Hector, is drawn through Otago ; the other, drawn 
through Canterbury and Westland, was supplied by Von Haast, and il- 
lustrates with a considerable degree of cori'cctiiess the structure of the 
Southern Alps. In discussing the latter feature, Hochstetter says, A 
simple glance at the above sections shows, farthermore, that only the eastern 
half of a complete mountain-chain has been preserved, while the western 
half is buried in the depth of the main ” (1,*** p. 489), As a matter of fact, 
however, the sections do not prove the truth of Hochstetter’s statement, 
which rests rather upon a h^v’potlietical basis. One object of this note is 
to show that, on the contrary, the Southern Alps are not, as Hochstetter 
supposed, the remnant of a vastly larger range that once extended far to 
the westward of their present limits, but retain the same, or almost the 
same, dimensions as at any past period of their history. 

Hochstetter’s opinion, however, has been adopted by most New Zealand 
geologists. In 1879 A'on Haast writes, “ Tills remarkable chain, of which 
the geological structure is generally miiform throughout, is only the eastern 
\ring of a huge anticlinal arrangement, of which the western portion has 
either been destroyed or submerged below the Pacific Ocean. It has thus 
the same one-sided arrangement, so conspicuous in almost every alpine 
chain of which the geological structure is known. The axis of this anti- 
cline consists of granite and other plutonic rocks” (2, p. 242). 

At a later date Hutton, repeating par* * ! of V on Haast’s statement almost 
word for word, says that “ the mountain-range is only the eastern half of a 
huge geanticlinal arrangement of contorted rocks, the western half having 

* This and other numbwb bimilarly enclosed in brackets refer to list of litcratme 

at end. 
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been washed a\say by the heavy iviiiis A\hieh fall upon that side, and which 
must have fallen toi a verv long time to have produced so great an effect 
(5, p. 161). 

In recent years Marshall (7, p. 98 ; but see also 11, p. 445), Park (12, 
p. 16), and others appear to have accepted flochstetter’s explanation of 
the structure of the {Southern Alps without question. In 1908. however, 
the \NTiter pointed out that a series of ancient rocks designated by him the 
Greenland series*' occurs along the western margin of the Southern Alps. 
These rooks, if Hochstetter’s hypothesis were correct, should show the same 
folding as the rocks of the Arahura series, which form almost the whole of 
the Southern Alps ; but, instead of that being the case, it is found that they 
are folded almost at right angles to the trend of the Alps (10, pp. 31, 36, 97j. 
This fact is completely opposed to the idea that the present alpine chain is 
“ only the eastern haK of a huge geanticlinal ” of which the western wins: 
has disappeared. 

The great difference in lithological character between the schists east 
of the granitic mountains that have been supposed to represent the core 
of the alpine anticlinal and the much less metamorphic argillites and grey- 
wackes of the Greenknd series in a corresponding position on the western 
side of the granitic mountains is in itself strong evidence against what may 
be called the Hochstetterian vie^^. 

Ton Haast was undoubtedly to some extent aware of the structure of 
the Greenland rocks, and it was probably in order to avoid the difficulty 
of reconciling this with the structure of the Arahura series, as well as to 
obviate the difficulty caused by the difference in lithological character, that 
he supposed his Westland formation to be (in pai*t at least) younger than 
the alpine folding (2, p. 244). There appears, however, to he no field evi- 
dence of any kind in favour of this view. 

What, then, is the general structure of the Southern AJps ? As has 
been elsewhere pointed out by the writer (10, p. 43), an exposition of the 
principles underlying the answer to this question may be found in Eduard 
Suess’s great work, The Face of the Earth," where it is maintained that 
folded mountain-chaitis of the alpine type are due to overthrusts along lines 
where more yielding strata are pushed against buttresses of immovable 
rocks. In the case of the Southern Alps, Suess’s mam criteria are satisfied. 
There is a gentle lise from one side — ^the east — and a steep descent o]i the 
other. The strata on the western side are overturned schists. Along the 
western margin are great faults, believed to be of the overthrust type (10, 
pp. 43, 71). These faults are associated with a line of granitic mountains,! 
which correspond to Suess’s cicatrices that mark a wound in the earth's 
crust. To the west of these, beyond the main overthrust, comes a buttress 
of Greenland sedimeutaries, folded in most places almost at right angles 
to the alpine strike. 

Some imperfections in the field e%ddence that occur to the writer may 
here he mentioned. North of the Waitaha Eiver granite is well developed 
along the base of the Alps, but for a hundred miles or more southward no 
granite except a small outcrop in Mount Bouar (10, p. 132) has been observed. 
Again, the Greenland buttress is apparently by no means continuous along 
the western base of the Alps. It is, however, well developed from Bell 


* Equivalent to part of Von Haast ‘'s Westland series (2, p. 25(5), and to Bell and 
Fraser’s Kanieri series (8, p. 19). 

t hi places gneiss partly covers the granite. 
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Hill northward,* is seen at Lake Kanieri, and iorms a considerable aiea east 
and south-east of Boss. Greenland rocks appear near Lake Mapourika, 
and probably have some development farther south. The breaks in the 
buttress are attributed by the \M‘iter to down-faulting, which also is thought 
since Miocene times to have caused the disappearance of an ancient land- 
mass to the seaward ot the present coast-line (3, pp. 26-28). 

Suess distinguishes two types of overt hrust mountain-ranges — the 
Atlantic, with its outer or overtlnust face directed away fi‘om the nearest 
ocean ; and the Pacific type, with its outer face directed towards the nearest 
ocean. As judged by these definitions, the Rout hem Alps, though of the 
Pacific type vdth respect to the Tasman Sea, are of the Atlantic type with 
respect to the South Pacific Ocean. This has already been indicated bv 
Marshall (11, p. 445). 

If, as has been assumed throughout this note, the folding of the Green- 
land rocks from north-west to south-east is older than the folding of the 
Arahura or alpine rocks fi’oni north-east to south-west, tlien in the alpine 
region the former folding has been superimposed on the latter. Confirm- 
ation of this view is afforded by field evidence. According to observations 
made by Mr. E. Dobson many years ago, the average strike of the strata 
forming" the Southern Alps is N. 22° E.. whilst the trend of the range itself 
is N. 55° E. (1, p. 485). More recently the New Zealand Geological Suivey 
has noted considerable irregularities in the strikes of the alpine rocks in North 
AVestland (8, p. 42 ; 10, p. 78). These irregularities increase from the in- 
tensely folded western schists in which the supposed older folding has been 
almost obliterated towards the main divide, and are very marked on the 
eastern, or Canterbmy, side. Practically all the irregular strikes, except one 
or two that are nearly east-and-west, fall in the N.E.-N.W. quadrant, and 
are therefore such as might be expected to result from a folding-force acting 
from the south-east on strata with an original Jiorth-west to south-east 
strike. 

Similar irregularities in strike are very apparent in north-west Nelson 
in rocks of the Aorere series (9, p. 34). It is here suggested that a similar 
cause to that indicated above may be assigned for the strike-irregularities 
in this area and in other parts of New Zealand — for exam 2 )le, the Wha- 
ngaroa Subdivision (Bull. No. 8, N.Z. Geol. Survey, p. 42). 

This note refers mainly to that part of the Southern Alps with which 
the writer is acquainted — namely, from the Otira district for about a hundred 
miles southward. Thus the Southern Alps as they pass north-eastward 
thi'ough Nelson to the shores of Cook Strait, the interesting central knot of 
Moimt Cook, and the comparatively unknown southern portion of the range 
are not discussed. Before an authoritative opinion concerning the structure 
of the vrhole range can be given, a detailed geological survey of practically 
its entire length, and more especially of the district south of Mount Aspiring, 
where the .^ps begin to lose their identity in the mountain complex of 
western Otago, must be undertaken. 

In conclusion, it may be said that a full and correct statement of the 
structure and history of the Southern Alps will be of great importance in 
aiding the solution of several problems in New Zealand geology, and possibly 
of still greater value in coimection with the elucidation of the wonderful 
but bafiiing geophysical problems presented by the Pacific Ocean. 

* This district, however, is outside the scope of the present no fee. See last para- 
graph but one. 
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Art. XXXIII . — Botomakana and District revisited Twerdij-three Years after 

the Eruption, 

By H. Hill, B.A., F.(4.S. 

YRtad hcfoic the Hawhes Buy riulosoyhu nl Institute, 24th Jinu, I910.\ 

The Tarawera eruption took place on the 10th Jmie, 1886. In the months 
ot February and March following I visitiKi the v'olcaiiic area extending 
from Euapehu to Mount Tarawera, Mj’' purpose was to study volcanic 
phenomena as presented by this almost miique extent of comitry, known 
generally as the Taupo volcanic zone. The distance in a straight line is a 
little over a hundred miles. Within this extent of country aU aspects of 
volcanic phenomena occur, from the active volcano, as Ngauruhoe and 
Tongariro, to the slowly dying ngawha and puia as seen at places like 
Tokaanu, south of Lake Taupo, and Eotokawa, a few miles to the north of 
it. Twenty-three years have gone by since that vusit took place, and in 
company with A. J. Morton, Inspector of Schools, Westland, I have pur- 
posely made another vusit to the northern portion of the district, or more 
particularly that portion which was directly affected by the eruption in 
Twenty-three years is a fair measure of time in the life of an 
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indiA"idual, and it provides a kiud of standard in estimating the physical 
changes of a district when they aie unaffected by artificial agencies. 

The past, as lead in the rocks about us, goes a long way back, and our 
ideas of time are so limited that none ol us can measure a geological period 
without some standard ol time in relation to moving events as they affect 
the human race. We know literacy nothing as to the incoming of special 
formations of rocks, or the time that it took in theii* making ; nor do w’e know 
whether fifty or a thousand centuries have elapsed since the present forms 
of organic life came into being. In natm-e’s ever-active workshop changes 
are going on, and how small is the period Avhich onr modern fauna and flora 
represent of the evolutionary process that has ever been in operation, whicli 
embraces the whole gamut of past life down and back to the time Avhen 
life first became possible on a cooling earth. It was some such thoughts 
as these that led me to renew my acquaintance with a district that had 
formed the subject ol scientific disseitations, that had been the scene of 
stupendous changes in mountain, lake, and valley, and which in a brief six 
hours had produced devastation over a vast district estimated in thousands 
of square miles, and hnt for the isolation of the area would have resulted 
in the loss of many lives. Every Hving plant and animal within some miles 
of the centre of volcanic disturbance was destroyed, and there was also loss 
of human lives. 

It is not necessary for me to lofcr at length to the extent of tlie destruc- 
tion caused by the Tarawera eruption. Details w'ero published throughout 
the Dominion and are still available to inquiiiers, iind scientific accounts 
have been issued under the authority of the Govomment. Among these 
may be mentioned the separate accounts by the late Sir James Hector, 
Director of the Geological Survey; by the late Captain Hutton, F.O.S., 
E.R.S. ; by Professor Thomas, M.A., F.G.S., of University College, Auck- 
*land ; and last but not least by Mr. Percy Smith, F.R.G.S., late Surveyor- 
General. The accounts given by these scientists pro^fide valuable litera- 
ture dealing with certain aspects of vulcanism as obtained immediately 
following the outbursts at Tarawera. 

As already remarked, the scene of the eruption was visited by me in 
February and March, 1887. My guide was the late Mr. J. C. Blythe, who 
had passed through the ordeal of the eruption at Wairoa Settlement, on 
the west side of Ijake Tarawera, w^hen the place was utterly destroyed. 
Mr. Blythe was Government officer in charge of the road-construction, and 
he knew intimately the whole country extending from Galatea to Taupo 
and from Taupo to Rotoi'uu. His knowledge of the district was of much 
value to the authorities inunediately following the ei-uption ; but, although 
he lived to help many, and to tell othei*8 subsequently of his nevor-to-be- 
forgotteu experiences on the eventful morning of the 10th Jmie, his nerces 
were so shattered that he became a wreck of his former self, and, although 
as an old friend I tried to cheer him at my home in Napier, it was only of 
temporary benefit, for on his return to Rotorua district he lived for only a 
comparatively short time. Mr. Blythe was my guide and companion from 
Rotorua over the whole of the country that had been immediately affected 
by the eruption. We visited the rift in the Tarawera Mountain, the site of 
Wairoa, Rotomahana crater-basin, the earthquake flats towards Pareheru 
and the Tikitapu ; the crater- valley forming a continuation of the rift, and 
which subsequently became so celebrated or notorious by the break-out at 
Waimangu; the mountains known as Kakaramea and Maungaongaonga , 
at the head of the AVaiotapu VaEoy ; and finally made out way through 
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tlie latter vaJlev. and christened the place known as the Piimroso Terrace. 
At that time the Waiotapii Valley had hardly been visited by Europeans, 
and but for our guide the visit would have been a dangerous if not a 
foolhardy undertalj^g. 

One well remembers the scene of desolation that appeared after getting 
over the hills from VTiakarewarewa, near Rotorua. Lookhig towards the 
Tikitapu Bush and the lake and mountain knowm as Tarawera, the couiatry 
presented a dull-grey appearance, and not a truce of grass or fern or bush 
was to be seen. A valley on the road to Tikitapu had been rent in twain 
by an earthquake, which had produced a gulch from 30 ft. to 40 ft. in 
width and 50 ft. or more in depth. This extended for a long distance, and 
divided into three cracks or prongs to the eastward, where the rift shallowed. 
It seemed as if a sudden uplift had taken place, and that a wedge-shaped 
piece had been suddenly broken from the valley-level and had fallen and 
wedged itself as the upward strain was lessoned and the surface pressures 
gave their usual stress upon the underlying rocks. The sides of the crack 
were vertical, as if sheared with an instrument, although nothing but pumice 
appeared in the sides throughout the entire length of the depression. Fur- 
ther ill the direction of Te Wairoa Settlement the site of the Tikitapu Bush 
was reached, but everything had been destroyed by the falling dehns and 
the battering of the trees by the mud that was flmig from Rotomahana. 
The Tikitapu Lake and its adjoining one, Rotokakahi, which at present are 
known as the Blue Lake and the CTieen Lake respectively, presented a 
desolate appearance, the sides being mud-clad, and large Iuitows showed 
themselves from the hillsides, where the rams had carried material into the 
lakes during wet weather. The small stream from the Green Lake had 
been dammed back by the mud, and the entire country presented not a 
trace of either animal or vegetable life. 

The Te Wairoa Settlement had been the residence of a number of 
Natives. There was a church, a Native school, and an hotel, the latter 
being specially built for the convenience of touiists to Rotomahana. Every- 
thing had been destroyed ; not a house was left intact, and the majority 
had been ov^erwhelmed. A Native w’-hare belonging to Guide Sophia had 
stood, being protected by its position, and this place formed a “ w'hare 
of refuge for a number of persons who sought its friendly protect ion. 
The church and school were destroyed, and ]VIr. Haszard, the schoolmaster, 
with a number of others, lost his life. From the roof of the church one 
could see where tlie services had been held, and Church Services ” were to 
bo seen here and there besprinkled 'with mud, but all, or nearly all, those 
who had fonnerly worshipped had lost their lives. The picture remains 
in my memory, and it is set down here twenty-three years afterwards to 
show the impression made upon me, for I have not previously wnitten on 
the subject. 

We continued our journey to^vards Rotomahana and the great rift, 
and from the hill named Te Hapc-o-toroa. overlooking what had once been 
the hot lake Rotomahana, containing an area of about 200 acres, and 
abounding with terraces, puias, ngawhas, and geysers, there appeared an 
immense yawning abyss, from which steam arose as from hundreds of 
throats that at times sent out dismal sounds and hissings as awesome as 
from Dante’s inferno. The sight cannot be desciibod, and one could only 
wonder as to the forces that in the course of a few hours produced such an 
enormous crater in place of a hot lake and its inimitable terraces. Great 
steam-clouds rose from the abyss, and from the rift in the momitain, and 
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from several crateial lakes near by. Sometimes tlie southern slope of the 
Tarawera chasm or the moimtaiii could be seen. Here the volcanic forces 
had rent asimdet a whole mountain-side before reachino Eotomahana, 
where the volcanic phenomena wcie quite clifterent from those on the moun- 
tains. Stones and cind<n‘s, ashes ^md sand, with an abundajice of the finest 
powdeiy steel-grey dust, were hinlod from the mountains, but mud alone, 
of a bluish-grey colour, appears to have been sent from the Eotomahana 
Crater. A\"e follovi'ed the rift towards Okfiro Lake, and saw the various 
crater-shafts that had been made in various places. Some of them had 
thrown out enoimous stoneo, tons in weight. These had fallen into the 
mud-cove]‘ed area, and had made depressions that presented u cmious 
saucer-like appeauinco over the country. Some of the crateis were mere 
circular shafts of great depth, but we were unable to form an estimate of 
the depth, as the stones rolled into them sent back no thud or sound of any 
kind. To me the lift had the appearance oi a great upheaval of country 
where a line of hills had been rent or torn asunder and thrown apart, lea^diig 
the rift-valley between them. 

The destructive effe<*ts of the eruption were Jiot felt to the southward 
beyond the ridge that separ.itos the drainage of the Eotomahana firea from 
the Waiotapu Valley, lor, although careful observation was made, the only 
trace of activity having occurred in the valley was the discovery ot small 
globules of black sulphur iiear to the Primrose Terrace, and witliin a short 
distance of the great mud volcano neai a teiracc formation. 

Nature heals veiy rapidly the wounds she makes. Eeariangemeut 
and renewal are always in progress, and no sooner has one aspect of the 
earth’s crust played an important part than new energies beguj to manifest 
themselves, so that the old is quickly replaced by the new. 

Before, however, noting the changes that have taken place as noted 
by me, it may be of some value to future inquirers to set down here what 
was knowji by Europeans of Eotomahana ajid Tarawera up to the time 
of the eruption. In no record that has come under niy notice is the Waio- 
tapu Yalley mentioned, and the fii-st Europeaii to \"isit Eotomahana was 
the Eev. Mr. Chapman, a missionary. In the JSIissioyiaiy Eccord of June, 
1838, it is repoHed that Mr. Thomas Chtipmuji started from Paihia (Bay 
of Islands) for Eotorua on the 2nd February, 1835, with a Mr. Pilley, and 
that they reached the place on the 19th March. In August of the foUow- 
ing year the missionary station at Eotorua was burjit, and Mr. Chapman 
\^ent to Taupo, whei'e, in May, 181-1, he met Dieflenbach, the scientist 
sent out by the New Zealand Land Company. Dieffenbach had been to 
Tokaanu, and was travelling northward when ho appears to have met Mr. 
Chapman, from whom he obtained information about Eotomahana. On 
the 1st June Diefienbach reached Eotomahana, and he writes, Towards 
evening [1st June] we reached the hills w^hich surround on all sides Eotu- 
mahana. When w'o arrived on the crest of the hills the view' which opened 
w’as one of the grandest I had ever beheld. Let the reader imagine a deep 
lake of blue colour surrounded by verdant hills, in the lake several islets, 
some showing the bare rock, others covered with shrubs, while on all of 
them steam issued from a hundred openings betweeji the green foliage 
without impairing their freshness ; on the opposite side a flight of broad 
steps of the colour of white marble with a rosy tint, and a cascade of boil- 
ing water falling over them into the lake. Some Natives came over in a 
canoe to fetch us over the lake to their settlement. Mr. Chapman was 
probably the first European they had ever seen, as this lake has not been 
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visited by any other that I am aware of. The Rotii-mahana is not more 
than a mile in circumference. We crossed from it in a canoe into the lake 
Tarawera. The stream connecting them is tepid, and of a temperature 
of 85°. It is appropriately called Kaiwaka (canoe-spoiler), as the canoe 
often touches the rocks of which the bottom is formed.” 

In the “ Tasmanian Journal of Science,” vol. 1, page 268, there is given 
an account of a journey by the late Rev. W. Colenso, F.R.S., taken in the 
North Island of New Zealand in 1841-42. Mr. Colenso reached late one 
night Lake Rangiwaka-aita, now known as Rerewhakiatu, which is situated 
about two miles to the east of Lake Rotomahana. He describes the former 
lake, and states that the country was overspread with many blocks of com- 
pact lava, many being vitrified on the surface. The ground rose gently 
from the lake on every side, which appeared to occupy a deep hollow, and 
“ I could but venture to suppose that this might perhaps have been the 
crater of a volcano which in some bygone age inundated the whole country 
vdth showers of pumice and ashes. At an early hour the next morning 
we rose, feverish, stiff, and sore, to recommence our march. We soon came 
vithin sight of the place where the hot sprmgs were situated [Roto- 
mahana ?], from which the steam and sulphurous vapours ascended in 
dense white clouds. The air this morning was cool and bracing, and after 
travelling about an hour and a half wo arrived at Tarawera Lake [Te 
Ariki ?]. At this plaoe were several small hot springs, which flowed out 
of the earth near the edge of the lake ; the water of some was hotter than 
one could bear. . . . The Natives of the village informed mo that at 
a spring on a hiU a little distance away the water was quite hot enough 
for the purpose of cooking, for which they often used it. Sulphur, too, 
abounded there, and was often ‘thrown up’ out of the earth, from which 
the steam and smoke ever ascended [the White Terrace 1].” This steam 
and smoke ” was, of course, from Rotomahana geysers and puia, and 
although Air. Colenso started to visit the place while breakfast was getting 
ready, he gave up the quest, ‘‘his hunger,” as he said, '‘conquering 
cimosity ” ; and thus he missed, although less than three-quarters of a 
mile away, seeing, as the third European visiting the district, the inimi- 
table terraces. It is strange that a missionary traveller like Mr. Colenso, 
who was so very observant, should have passed from the east to the north 
end of Rotomahana by way of the south and west and yet did not see the lake. 

Hochstetter was the next traveller of note to visit Rotomahana. Ho 
spent three days in April, 1859, visiting every place of interest within the 
precincts of the lake, and made observations of great scientific value. The 
map of Rotomahana Lake by Hochstetter and Petermann, published in 1863 
at Gotha by Justus Perthes, is the oul)^ map, as far as I can discover, that 
appeared in an official dress or under authority previous to the eruption. 
Of Rotomahana and the Terraces Hochstetter thus writes : “ The Roto- 
mahana is one of the smallest lakes of the lake district, not even quite a 
piile long from south to north, and only a quarter of a mile wide. Accord- 
ing to iny measurement it is 1,080 |t. above the level of the sea. Its form 
is very irregular on the south side, where the shore is formed of swamps. 
Three small creeks are meandering and discharging themselves into the 
lake — ^the Haumi, from the south-west ; the Hangapou^, from south- 
east ; and the middle creek without a name. Numerous observations 
lead to the conclusion that constant changes arc going on at Rotomahana 
— ^that some sprmgs go dry, others rise, and especially the earthquakes 
which are felt here from time to time seem to exercise such a changing 
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influence. The main iiitorest is attached to the cast shore. There are the 
principal springs to which the lake owes its fame. First of all is Te Tarata, 
at the north-east end of the lake, with its ten-aced marble steps projecting 
into the lake, the most marvellous of Rotomahana’s marvels.” The two 
islands Pukura and Puai tliut wen* situated in the lake, equally with geyser, 
puia, and ngawha, were carefully described by Hochstetter, whose obser- 
vations and painstaking work are a model to students of science. Of Mount 
Tarawera he remarks, “ The cliief ornament of the adjoining landscape 
is the Tarawera Mountain, witli its crowii ol rocks divided into three parts 
by deep ravines : it rises on the north-east side of the lake to a height of 
at least 2,000 ft. above the level of the lake. It is an imposing table 
mountain, consisting of obsidian and other rhyolite rocks, and it is not to 
be wondered at that its dark ravines and vertical sides have given rise to 
m.‘iny an odd story in vogue among the Maoris. Among others, a huge 
monster, 24 ft. long, resembling a crocodile, is said to haunt the clefts of 
the rock, devouring every one who dares to scale the mountain.” 

The next writer that des(*ribes Rotomahana and Mount Tarawera is 
Domett, in his inimitabh* poem, “ RanoH and Amohia.” Mr. Domett was 
at one time Resident Magistrate and Commissioner of Crown Lands iu 
Napier, and ho hud a fine grasp of Native legends, and he has made good 
use of them in the a])ovc poem. Domett retired from the* Government 
service in the year 1871, and the following year “ Ranolf and Amohia : a 
South Sea Day-dream ” was publislied. RauoK is a young Englishman 
and Amohia a Native young woman of high caste. They love one an- 
other, and, leaving the girl’s homo, they wander over the country and 
at last reach the south end of Lake Rotomahana. They see a eanoc which 
has evidently not been in use for some time, so they untie it, and finding 
a paddle they move towards the Pink Terrace : — 

As at the closing of a sultry day, 

Iu search of some s;oo(l cauipiiig-gromitl 
They paddle up Mlahaiia’s Lake, 

♦ ♦ ♦ 

A mighty cataract — so it seemed — 

0\er a hundred steps of marble stroame<l 
And gushed, or fell in drippint; overflow ; 

Flat steps, in flights half circled — row o\*r row ; 

Iri'ogularly mingling side hy w<l<* : 

They and tli<* torrent curtain wkle 

All rosy-hued, it seemed with suuRot’s glow. 

They continue their journey northward across the lake and they come to 
the White Terrace, which is thus described : — 

They paddle past, for on the right 
Another cataiviet comes iu sight : 

Another broader, gi’aiwlor flii>ht 
Of steps, all stainlosh, snow^'y- bright ! 

They land ; their curious way they track 
Near Ihickets made by contrast black ; 

And then that wonder seems to be 
A cataract carved iu Parian stone 
Or an>' purer substance know'ii — 

Agate or milk chalcedony ! 

* * * 

Each step becomes a terrace broad ; 

Each terrace a wide basin brimmecl 
With water, brilliant, yet in hue 
The tendorest flelicate hare-bell blue 
Deepening to violet. 
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Tills description ot lake and mountain could only liave been written by 
one familiar inth botli. Neither Diefienbacli nor Hochstetter has de- 
scribed the lake, the geyser, puia, and ngawha in greater detail than Domett 
has done in his inimitable i7th canto, into which the actions of two yomig 
lovers arc wound with rare poetic power. 

Two English uTiters of eminence visited Kotomahana before the great 
catastrophe took place, but neither Trollope nor Froude possessed any 
special scientific knowledae ; and although their descriptions, particularly 
that by Froude in his “ Oceana,*' form dehghtful word-pictures of the 
inimitable White and Pink Terraces they contain nothing beyond what 
has already been stated concerning Botomahana and its marvellous sur- 
roundings. 

Since the eruption in 1886 very little has been written concerning this 
interesting district. Tn March, 1893. Mr. Percy Smith, who was at the 
time Suiwej-or-General, \dsited the country immediately round the site of 
the Tarawera eruption, and noted some of th(^ changes that had taken 
place. Eeferring to Botomahana, Mr. Smith says, “ The two lakes exist- 
ing soon <ifter the eruption [Botomahana and Botomakarin] have since 
become merged into one, and the bounds veiy' greatly extended — so much 
so that instead cf a suriace of 25 acres for the two lakes in August, 1886, 
they now cover, roughly. 5,600 acres, and at the same time the waters have 
risen from a level of 565 ft. to 985 ft. The lake as at present existing is 
bounded on all sides by steep hills, which formed the walls of the great 
crater in Jmie, 1886.” Since this was written Lake Botomahana has con- 
tinued to enlarge, and at present it extends from north to south more than 
five miles, and in its widest part reaches nearly two miles and a half, and 
contains an area of about 7,500 acres, 

Hochstetter pointed out that the lake was fed by three streams. The 
only stream that is seen to flow into it at present is the Haumi, which comes 
from the chasm towards the south ; but another stream flows into the 
lake abreast of the small island known as Patiti. This stream comes from 
Lake Berewhakaihu, and for a portion of its coiu*se rmis underground. 
The rapid increase of water in the lake, and the merging of Bolomakariri 
and Botomahana so soon comparative!}’ after the eruption, suggests that 
the lake must be supplied largely from some underground source. Pos- 
sibly the water that falls upon Tarawera and Buawahia drains into Boto- 
mahana by way of the chasm, so that ir is hkely the lake will continue to 
increase, and subsequently be merged with the Berewhakaihu Lake, which 
is estimated to he between 30 ft. and 40 ft. above rha-t of Botomahana. 
But, as Botomahana lias only to ris^ a httle more than 30 ft. before being 
able to burst through and form a chunnol into Lake Tarawera, an interest- 
ing problem presents itself which lime alone can solve. Should the time 
arrive when Botomahana breaks through into Taraw’era, a dangerous rush 
of waters will take place that might result in serious damage to the low’- 
lying country in the vicinity of To Teko. But Botomahana as a lake has 
plenty of room for expansion to the southward, and this it is now doing 
along the line where the activity at present is most powerful. The thousand 
steam-vents that were to be seen in 1887 have all been covered by water, 
but they are no doubt as active as ever. The pressure of the overlying 
water keeps them from exploding, but the steam-vents along the south-west 
sides of the lake are extremely active, and present features that imply rapid 
changes underneath. Along the fissure toAvards the south, near the pl^e 
where tourists enter and leave the launch when coming from or going to 
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Okaro Lake, tiic steam-vents are powerful and excessively active ; and 
along the entire chasm there are many signs of unusual activity, steam 
l)eing forced through the rock at very high pressure. 

The water ol the lake is of a greyish -green colotu’, and contains a fair 
amount of mud in suspension. The lake is boimded by high walls of pale- 
blue mud, which are easily washed away in time of hea\^ rain. This may 
account for the colour of the lake-waters; but the Haumi Stream also 
(*arries down plenty of mud — in fad, during heavy and stormy weather 
the stream must carry down an immense quantity of material from the 
soft pasty mass of the area which the stream drains. 

The country, wherever it was covered with material from Eotomahana, 
presents a curious appearance. The blue clay is mixed with scoria that 
was thrown from the moimtains, and they appear to have fallen together 
in many places. The surface becomes hard and gritty, and yet in time 
uf rain deep ruts or gutters are cjuickly formed, and there appears surface- 
characteristics that are not seen under ordinary physical conditions. Every 
rut represents a drainage-basin from two adjacent slopes that may not be 
more than 2 ft. or 3 ft. wnde, but of fair length ; and the drainage from 
this miniature watershed and basin forms in tim(* ruts of extreme deptli, 
resembhng a crevasse in the ice. These provide pitfalls to the unwary, 
and it is impossible for a horse to pass across country where these ridge- 
hke places abound. As time goes on, these nuniaturc-basin areas will 
merge, and the basins will grow fewer and fewer as erosion breaks down 
the ridges. In some places where grass ivas sown there are few ruts, and 
comparatively little damage to the new surface has taken place. But the 
lesson to be learnt is that resulting from the action of the weather upon a 
surface that has to be supplied with a covering of vegetation in nature’s 
own way, and the growth of an ordinar}’^ river-basin by the merging of 
hundreds and even thousands of tiny miniature basins where the old basins 
have been obliterated presents even to-day an object-lesson of the utmost 
interest in the physical evolution of suitace-features in a country. 

At the time of the eruption the mountains presented the appearance 
of having been torn and wrenched by some great titanic force. The south 
end of Mount Tarawera , known as ** The Chasm,” ran towards the lake from 
nearly the front crest of the mountain. Tliis chasm is now quiescent, and 
but for the colour of the material and traces of scoria it would be difficult 
to suppose that the rift had been made within llic past quarter of a cen- 
tury. Immediately above the (*hasm there is a fringe ol ]>Iack lava that 
has evidently flowed into its present position. It passes over the crest, 
and is lost in a dip of th(* mountain which has )>een tilled with scoria and 
other material thrown h*om the craters furthei* along the mountain. The 
appearances suggest that, before the ebasm burst, an opening in the moun- 
tain further to the north had been made from which lava — a heavy dark 
lava — ^had commenced to flow. The late Mr. Blythe stated that he saw 
a stream as of moving lava, and was supported % others. Between this 
place and the first of the craters is a dip from which one rises to the flat, 
where the first crater is seen. This flat area is ridged, and shows a series 
of earthquake-cracks running north-east and south-west. The depressions 
have formed places of safety for lowly forms of vegetation, and several 
varieties of ferns were collected among other specimens of plants. The 
two craters on Tarawera are separated from each other by a kind of rock 
partition. The walls of the craters on the west and north more parti- 
cularly show varying coloured bands of scoria and cinders, which have a 
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thickness in some places little short of 8(>ft. As this handed scoria is 
vertical in the side of the crater, it would seem as if the scoria had been 
deposited from another crater before the explosion occuired that produced 
the adjacent craters. The largest and deepest craters are those on Rua- 
wahia and on Tarawera, whilst the scoria is deeper than is shown on tlie 
most southern of the Tarawera craters. 

The gut or saddle that separates Wahanga from Euawahic* ha'> a crater 
difiering from all the rest in shape and formation. The sides are formed 
into ledges or terraces, and the material on the platforms resembles wliite 
sand (feldspar ciystals ?). The two craters on Wahanga are at the eastern 
side, and not on the top, as in the other mountains, and the scarp can be 
seen by passing ships from the Bay of Plenty. 

The scoria in each crater is covered at the present time vith a curious 
lichen (CnJlema In the damper places it gives the scoria a peculiar 
appearance, as if coloured by aerial action, and it leads an observer to 
suppose that the craters were formed at a remote period rather than at a 
recent date. 

Along the west side of the mountains overlooking Lake Tarawera a bold 
embattled top fr^'itt vnth vertical sides is formed, below which the material 
is loose, and is madi- up, apparently, of the remains of the explosions from 
the craters on the top. The rock varieties arc few. and there are no traces 
of mud such as is found over the country that was afiected by the explosion 
in the Eotoinahana Lake. 

A great and marked chaiiue haa taken place in the general surface- 
features of the comitry. The Tikitapu Bush that was destroyed has in a 
large measiu'c reappeared. Fern has covered the valleys in many places, 
and where grass-seed was sown shortly after the eruption it has grown and 
provides an abundance of food for sheep and cattle. The place known 
as Te Wairoa, which was destroyed, is again being reoccupied, whilst most 
of the area in the vicinity is covered over with a variety of plaut-hfe, some 
native and some foreign. An Australian acacia (J, decurrens) has become 
the principal tree, and its growth is so rapid that the residents of the place 
use it for firewood. The plants are of a lowly type, but they show how 
the surface is quickly reclothed if the soil is suitable. 

Thus a township was overwhelmed Tvdth material from a mountain and a 
lake ten miles away, and to-day, after the brief space of twenty-four years, 
hardly a trace remains to show that such actually took place. The country 
is again covered with vegetation, the bare and desolate places have been 
reoccupied, and organic hfe has reasserted itself over hill and mountain and 
valley. The lakes Tikitapu, Rotokakahi, and Tarawera have returned to 
their former conditions, being either of a deep blue or green colour, so that 
sedimentation of the material that fell into them at the time of the eruption 
has been long since completed. 

The ridge of land that at present separates Lake Tarawera from Roto- 
mahana is less than a mile across, and, though bare in parts, grasses of 
various kinds grow well, clovers flourish, and a fair variety of native plants 
abound. A similar remark applies to the mountains. Two varieties of 
Lomaria ferns, two species of Epildbiiim, three species of Qautiheria, two 
Veronicas, a DracojpJiylhim, and four varieties of grasses were found, in addi- 
tion to Coriaria ruseijolia (tutu), which is common towards the lower part 
of the mountain overlooking the lake. And this was at the end of the 
summer season. No doubt in spring the variety is much greater ; but 
the specimens collected by me show that the mountain-sides are being 
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reclothed with vegetation adapted to the physical conditions at present 
existing. 

An interesting question arises as to what the future of the volcanic 
area is likely to bo with Rotomahana as a centre. When Mr. Percy Smith 
wrote in 1893 the lake was 985 ft. above sea-level, and had risen 4:20 ft. in 
less than eight years. Sixteen years have since elapsed, and Rotoniahana 
has risen an additional 65 ft., has largely extended its area, and is now 
within 30 ft. from the lowest point in the direction of Lake Tarawera ; 
and in the meantime much of the devastation caused by the eruption has 
been obliterated — so much so that a stranger unacquainted with the facts 
of the eruption would fail to realize that within so short a period as twenty- 
four years an entire district, occupying thousands of square miles, was 
afEected by the material from a volcanic explosion, whilst tens of thou- 
sands of acres of land wore covered with mud and volcanic dehn'is and 
all vegetable and animal life destroyed. 

And yet this process of destruction and renewal is ever active. The 
Tarawera eruption is not the only one that has taken place in the history 
of vulcanism in this Island. Similar eruptions have taken place in the 
Waiotapu Valley, at Rot oka wa, and Wairakei, in the Waikato from 
Tapuharuharu to Orakeikorako, and in Taupo itself. The Taupo Plateau 
has been covered and built up of products from explosions such as those 
of Tarawera Mountain and Rotomahana Lake. Nor should the student 
of vulcanism separate the Tarawera country from the other poi'tions of 
the volcanic district, the old as well as the new ; but this aspect of the 
question must be left for discussion until the second portion of my paper 
on the Taupo Plateau is considered. There my desire is to throw out a 
suggestion as to the reclothing of the earth’s surface with organic life 
foUowing a period of great volcanic activity. It has always been a 
puzzle — nay, a mystery — how new plants and animals appear at the 
outgoing of one formation and the incoming of another. AJl traces of the 
previous forms of life are not destroyed, hut new species come in and old 
ones die out. Does an eruption like that of Tarawera and Rotomahana 
afiord any clue to the answer ? It seems to suggest a possibility. 

In times gone by explosions have been on a much grander scale than 
are now experience, and much larger areas of country were afiected. 
Organic life must have suffered, and at times have been almost destroyed ; 
and adaptation to the new environment was enforced on the flora and fauna 
that were not swept aw^ay. Surely there is some probability that the life 
within special areas would be largely affected in this w'ay, and when the 
forms of life extended from other districts and came within the limits of the 
conditions existing following an eruption a merging must take place so as 
to conform to the new conditions. Could animal and vegetable life undergo 
marked modification by such means ? It may be possible, but it is difficult 
to put the matter to a test. 

A separate inquiry into the botany of the Taupo Plateau may provide 
some suggestive matter, as showing specialization or variation from specific 
types ; and now that attention has been called to the subject some botanist 
of leisure may think an inquiry on this point may not be unworthy of his 
observation. 
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Art. XXXIV . — Nayier to Riinanga and the Tauyo Plateau, 

By H. Hill, B.A., F.G.S. 

[Bead before the Eawhe'a Bay Philosophical Jnshtute^ 2dth June, 1910,'] 

ALTHOuan a good deal has Leen 'written about the volcanoeb of Ne'w Zea- 
land from the time 'when Hochstetter paid his celebrated visit in 1859, very 
little is yet kno'wn of the Taupo Plateau and the rocks that either bound 
it on the east or are found upon it here and there in exposed areas. Horh- 
stetter and the late Sir James Hector, F.R.S., issued maps of the so-called 
volcanic district, 1)ut they were theoretical rather than actual, as the larocr 
portions of the district were not -visited by either of these careful obseiwero. 

Few other places in the world present better opportunities for obser- 
vation of volcanic phenomena of the present-day type than does the area 
embraced mainly ^^’ithin the Taupo-Waikato basin; but this constitutes 
only a small portion of the area that is geologically included -within the true 
volcanic zone. 

The paper by Dr. Marshall (Trans. X.Z. Inst., vol. 40, p. 79) on ‘‘ The 
Geology of Centre and North of North Island,"’ and the descriptive account 
of the volcanic cones south of Lake Taupo bv Mr. Speight, B.Sc., F.G.S., 
in the admirable botanical -survey report of the Tongariro National Park 
by Dr. Cockayne, have given increased importance to the volcanic district, 
but much remains to lie done before complete information can be made 
available covering the geological history of this interesting district. 

The key to the physical evolution of the North Island is to be found in 
the true interpretation and history of the volcanic area. 

In company with the Director of the Dominion Museum, Christmastide 
was spent in studying that portion of the Taupo Plateau extending from 
Runanga to the Rangitaiki River, thence to Loch Liver Station, on the 
noi*thern slopes of the Kaimanawa Range, finishing at Taupo. This work 
I had another opportunity of reviewing at Eastertide, being anxious to 
complete a geological section along the coach-road from Napier to Taupo. 
This section (fig. 1) shows the beds to be met with between the sea-beach 
at Petane, Avhere the coach-road strikes inland, and Taupo ; but the sec- 
tion is continued to Karangahape Head, on the west side of the lake, as 
the intention is to give in another paper a similar section from 'IVhakatane 
to Ruapehu, through Lake Taupo. Fig. 2 gives a map of Lake Taupo to 
scale, -with the most important geological features. 

A reference to fig. 1 shows Pliocene beds of Napier upper limestone 
near the Motor Company’s stables at Petane. These in places are over- 
topped with shingle conglomerate representing the Kidnapper shingle con- 
glomerates. The middle beds of the Pliocene series appear up the hiH 
before reaching an elbow in the road, where again the shingle conglomerates 
top the limestones. No change takes place in the general characters of the 
Middle Pliocene series through the whole length of the Esk Valley ; but 
the overlying shingles, sometimes mixed with sand, become thicker and 
thicker, and on the left bank of the river they are seen dipping to the south- 
east as strong conglomerates. On the right bank here and there the same 
beds appear, but there are Recent river-gravels mixed with limestone and 
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shells, and these may be mistaken for 
portions of the conglomerate series unleSvS 
some care is taken to observe that the 
valley has been choked vith shingle 
washing from the higher country at the 
back. 

Leaving the Esk Valley, a long hill 
gives exposures of fine sand, which is 
in places fossilifeuous. This sand about 
half-way up the hill becomes pumiceous, 
and ill several places the whole exposure 
is a somewhat indurated fine pumice 
similar to what is met with among the 
shingle conglomerates at the Kidnappers. 
No fossil leaves, &e., were found by me, 
but in several other places the beds form 
a very good collecting-ground. 

Proceeding towards the top of the hill 
near Eskmouut, the conglomerates are 
again met with topping the highest hills 
on the one hand, whilst the limestone 
appears in several places, and along the 
road up to the twenty-mile stone the 
middle beds appear. Here the con- 
glomerates top the hills on either side 
of the valley, whilst huge conglomerate 
blocks lie about the paddocks, and the 
whole country hereabouts is covered with 
conglomerates, alternating at times with 
fine sands mixed with pumiceous clays. 

Up the hill leading to Carmichael’s, 
conglomerates, fine laminated clays, 
sands, shingle, sands, and shingle cement 
are seen in descending order in great 
cuttings on the roadside. From the top 
of the hill (1,250 ft.) the conglomerates 
continue towards Pohui, the highest point 
of the road (1,375 ft.), being occupied by 
them half a mile or so beyond the road- 
man’s wharc. 

Descending into the Pohui Valley, the 
conglomerates are replaced by hungry 
sands, and these continue as the charac- 
teristic rocks until crossing a small bridge 
leading up to the Pohm Hotel. Here 
nodular limestone appears in the blue 
clays, and fragments of broken shells are 
common, but it is dijfi&cult to determine, 
their kind. Near the hotel limestone 
blocks are scattered about, and they 
appear to correspond to the lowest beds 
of the Napier series. 

Titiokura Hill is made up of Miocene 
beds, and these are of extreme thickness. 
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as they are traceable from 2,250 ft., which is the height of the Titio- 
kiira Saddle, to 1,000 ft. at the Mohaka Bridge, where the same kind of 
rocks appear as in the case of the nodular limestone near Pohui, the Miocene 
beds varying somewhat in character as the long hill from Mohaka to the 
top of Tuxanga-kmna (2,625 ft.) is reached. Here, at what is knotvm as the 
Te Kooti Track, the Miocene beds are seen resting uncouformably upon 
the Maitai slates, and from this place onward the slates and sandstones aie 
the prcTailing rocks as far as Tarawera. 

A mile or two on the Napier side of Tarawera intrusive volcanic rocks 
are met with in several places. Up the AYaipmiga A'alloy intrusive rocks 
are common, and six miles beyond Tarawera rhyolites constitute the only 
rock by the roadside, and these continue for many miles in the direction of 
the Eangitaiki Hotel, or, rather, they disappear neai* the 68th milestone, 
where the swamp-ar(*a begins. 

Bunanga is at the 65th milestone. A mile or so from this place is a high 
hill, 3,200 ft. high, known as Otumakioi. It has a trig, station on the top, 
,ind there the sandstones appear very similar in appearance to the Permian 
sandstone of England. It seems to be connected with the Maitai slates, 
as these were exposed in one or two places on the hillside. The comitry, 
however, is so ])U3h-clad that climbing becomes a difficult matter. 

Immediately opposite Otumakioi, but to the north-east, is another hill 
or mountaiji, Pild-o-hiko-w'era, which is composed entirely of volcanic 
rocks. From Runanga all the exposed rocks, wfrether on the roadside, in 
the bed of the streams, or forming the ranges that run to the north-west and 
north, are volcanic lavas, mainly trach}i:es and rhyolites. A mile or two 
along the valley that extends fr'om Runanga towards the plateau extensivi' 
washings have taken place, and pumice ten*aces with sloping sides leading 
into the vaUeys make their appearance. This country of late years has 
been occupied as a cattle and sheep run, and the owner, in order to drain a 
large sw'amp-area that is the true watershed between the Mohaka and 
Rangitaiki Rivers, had a trench dug, so as to drain the w'ater into the AA"ai- 
pimga Stream i)y way of a smaller stream that passes the roadman’s house 
at Runanga. This drain was originally made about 4- ft. in depth and 
2 ft. wide, but the breaking into the pumice has resulted in the formation 
of a huge gorgelike area nearly three-quarters of a mile long, 60 ft. or more 
wide, and very deep. The removal of the surface of rushes and Sphatjnitm 
has resulted in the washing-out of a gulch that can hardly be understood 
without inspection. The slightest increase in the rainfall causes the removal 
of great quantities of pumice pebbles, which fill up the entire area of what 
was at one time in the history of the distnet an extensive crater, the walls 
of which can be distinctly read. 

In several places are volcanic hills or mounds, without craters, resembling 
similar structm*es such as may be seen to-day in the district where volcanic 
phenomena are active, particularly on the west of Ngauruhoe and the north- 
w'est of Ruapehu. This swamp extends for a number of miles, and to get 
to the Rangitaiki it is necessaiw to pass over the ridge or southern crater- 
wall, from which there is a gi-adual descent of about 200 ft. in a distance 
of two miles. 

The Rangitaiki River basin is separated from the Mohaka basin by a 
range of hills, except towards the north-west, where a small stream from 
the swamp also drains into the Rangitaiki. A study of the surrounding 
country between the 73rd and 83rd milestones leads to the opinion that 
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at one time a series of lakes covered this area. The Kangitaiki River has 
its source in some old crateral lakes on the Loch Inver Station. Here 
trachyiies are found in close proximity to the sandstones which top the low- 
lying hills that form the northern end of the Kaimanawa Mountains. The 
lakes seem to hav(‘ been centres of explosive action, and at the place of out- 
flow, where the water flows into the open country and takes the name of 
the Rangitaiki Stream, the rhyolites form a lip which has been cut through 
by the owners of the station by means of blasting, so as to assist in the 
drainage of the swamp and lake. 

The country has few exposures of rock, but in a creek near the station 
already named both sandstones and the Maitai slates occur, just as a little 
lower down the volcanic rocks appear, although no intrusive rocks were 
met with. 

Following down the Rangitaiki, which runs between high banks, there 
appear exposures of peat-lignites of some 9 ft. in thickness. These cover a 
large area between the upper stream and the Rangitaiki Hotel, a distance 
of some six miles. Whether the beds reappear below the hotel I do not 
know, but the exposures show that at one time a very large part of what is 
now pumice-covered country consisted of swamplike areas similar to what 
arc met with and are now being drained in the vicinity of Runanga. The 
lignite material is made up of Sphagnum, stems of shrubs such as Veronica 
and Fagus, and a large variety of fibrous roots matted together into a com- 
pact mass. Overlying the lignite is pumice, very fine in structure, and 
without pebbles. It is not more than a few inches in thickness, and it 
appears to have been deposited by water. It is difficult to account for this 
covering of lignite or vegetable beds by a pumice-deposit, because the fact 
of a lignite-bed implies a long period of undisturbed growth and decay. It 
may be that the lignite-beds represent the old surface of the plain before 
the last great outpouring and spread of pumice, when the country as far 
as the 81st milestone contained a series of swamplike lakes that spread 
here and there among the hills forming the head-wateis of the Rangitaiki, 
and even flowed at times over a saddle into the swamp-lakes that begin in 
the vicinity of Runanga. A low saddle from the Napier-Taupo coach-road 
to Loch Inver forms the dray-road to the station ; and when viewing the 
topography of the country from one of the higher hills of the district it can 
be seen that the various lake-areas were at one time joined by low saddles 
that are not more than 300 or 400 yards in width. In some parts of the 
lignite-beds there is a thin band of pumiceous clay between the two main 
li^ite-beds ; but everywhere the pumice-beds overtop the lignites, just as 
the pumice to-day covers the 'whole surface of the Taupo Plateau. 

Do'wn the Rangitaiki River, ten miles or so h*om the coach-road, a series 
of rounded hills occur, and these riui north-west as far as the track, which 
divides, one to Galatea and one to the Waiotapu Valley, across the 
Kaingaroa Plain. At this place there are the remnants of rocks that 
must at one time have foimed an immense crater, the broken-down walls 
reminding one of old embattlements. It seems as if the country to the 
north-east of the 81st milestone must have sloped in the direction of Wai- 
punga, and that the surplus waters, charged with pumice, were carried into 
the Slohaka River, and thence into the area of Hawke’s Bay. 

In a former paper (Trans. H.Z. Inst., vol. 37, p. 445) reference is made to the 
original drainage from Ruapehu and Tongariro at the time when the present 
Lake Taupo was the crater of an immense volcano. The suggestion is made 
10 * 
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that the drainage from the mountains went in the direction of the present 
Eangitaiki. \^’h.en this took place the series of lakes were in existence to 
which reference has been made. The whole of the Taupo comitry to the 
north was in process of being formed. It can be readily understood that 
swamp-areas would likely be formed within an area that had ah*eady been 
subject to volcanic forces. 

From the hotel on the left bank of the Eangitaiki, Taupo Road, to 
Lake Taupo is twenty-three miles. A reference to fig. 1 will show that 



the plateau between the hotel and the lake presents two distinct areas of 
drainage. The entire area after passing a range of low bush-clad hills on 
the left is a mass of pmnice of unknown depth, interspersed here and there 
with volcanic grit, magnetic iron, sand, and angular and rounded pieces of 
heavy rhyolite-andesite lavas that suggest water carriage without much 
wearing, because bedding is traceable in the pumice wherever washaways 
occur. 

From the 80th to the 85th milestone the country to the south-east and 
north-west presents a high ridge, and this constitutes the line of separation 
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between Taupo Lake as a drainage-area and the drainage of what must be 
considered as a part of the Rangitaiki drainage-area. Taupo itself is only 
1,200 ft. above sea-level, and Karangahape, the high headland on the 
western side, reaches only 2,379 ft., whilst thirteen miles from the lake 
(that is, at the 85th milestone), on the Taupo Road, the height is 2,380 ft. 
— in other words, the top of Karangahape is on a level with the highest 
poi*tion of the plateau. 

Taupo as a volcano was apparently much larger than it is as a lake. It 
would almost seem as if the long, high ridge between the 80th and the 85th 
milestones formed the eastern side of a great crater in which were many 
supplementary craters such as are seen to-day as centres of activity in 
places already named. In the earlier period of volcanic activity the whole 
country from the Kaimanawa Range to the ranges bounded in most places 
by the Main Trunk Railroad from the latitude of Ruapehu consisted of one 
immense lava -flow of similar volcanic material, and it is interesting to com- 
pare the height of some of the conelike hills with the heights of the country 
along the eastern and north-eastern side of Lakes Taupo and Rotokawa. 
The western and eastern portions of this once great sea of lava have merely 
left remnants of what they once were as centres of volcanic movement. 
Here and there a hot spring remains, but otherwise aU active volcanic 
phenomena have long since disappeared, and the only portion that is really 
active at the present time is the great central line w^here so many traces of 
explosive eruptions are found. 

The great explosive eruption at Taupo and Rotokawa, as also that at 
Pihanga Mountain, mark the largest and most disastrous of all those that 
have occurred in the North Island. The pumice thrown out spread over 
the country, mainly to the eastward, as far as Poverty Bay in the north 
and Hawke’s Bay in the south, whilst the middle part of the Island was 
filled up to a great depth with pumice and other forms of volcanic ejecta- 
menta. Pihanga’s explosion was towards the north, where the crater-lip 
was blown right out, and is the counter of the Tarawera explosion, which 
was towards the south ; in fact, the whole face of the comitry forming the 
central portion was altered by the explosions and the materials thrown out. 
The water that had drained into the Rangitaiki from the volcanoes to the 
south were diverted into the new Taupo crater, which, like Rotomahana, 
contained many traces of volcanic activity similar to what was seen in the 
latter basin after the Tarawera eruption ; and, just as that basin has been 
slowly filling with water, so in the same manner, foUoving what was an 
eruption at Pihanga, Taupo, and Rotokawa, immense quantities of debris 
were deposited over the country for many miles around the centres of 
explosion, so that watersheds wore altered, drainage-areas diveited, swamp- 
areas replaced which before had been streams and tributaries, and finally 
provided a drainage-area of considerable size for the new crater that ex- 
tended for thirty miles or more, and in which thousands of steaming places 
were to be fomid. 

At this time there was no Waikato River such as we know it to-day, for 
the Waikato, from the spot where it leaves Lake Taupo as far as Orakei- 
korako, merely flows through a chasm or rift formed at the time of the 
Taupo explosion, but filled towards the crater-lake with pumice that raised 
the surrounding countt}’ several hmidreds of feet in height. When the 
lake filled in course of time the water found a way through the chasm, 
and lowered the waters of the lake some -200 ft. or more. A subsequent 
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earthquake Ldusod the Huka Falls aucl the attendant depression, the silica - 
cemented pumice in the vicinity being sheared as with a Imife. 

Lake Taupo at one period ot its history was much larger than it is at 
present. The teiraces on the vest and east, the sui face-characters of the 
slopes ill the vicinity of the lake, and the vaiious valleys that lun for loiiu 
distances towaids the east at a gentle slope all suggest an area once covered 
with water. At the northern and southern ends of the lake hot springs 
and many other e^ddences of volcanic phenomena occui\ and these extend 
underneath the waters of the lake from a good distance from the shoie. 
Hot spnngs, fumaroles, &c., are equally abundant 600 ft. or more up the 
hills towards Tauhara Mountain at the northern end, and even higher at 
the southern end, where at Waihi only a few v^eeks ago a hillside from the 
fumarole-area broke away and shd into the lake. 

The activities of Rotomahana and its vicinity such as have been mani- 
fested since the eruption, particularly to the southward, correspond in a 
remarkable manner to v’^hat took place to the noith of Taupo following the 
eruption there. In pursuing one’s inquiries into this interesting subject 
one is struck vdth the fact that the suiface-features of the country must 
have been modified as much by earthquakes as by volcanic agencies ; but 
the key to the true interpretation of all the phenomena to be met with 
at Waiotapu, Rotokawa, Wairakei, Taupo North and South, and Te Mari 
is to be found in the study of the phenomena connected mth the Tarawera 
eruption and the subsequent events that have taken place m the district. 
Fig. 2 shows merely the present size and boundaries of Lake Taupo, with 
such information as I have been able to gather during my frequent visits 
to the district. 

Earthquakes have caused marked changes in the "vdcinity of Taupo. 
Cussen reports that on the 28th August, 1883, a schooner was lying at 
the small wharf where the Waikato leaves the lake, when a sudden fall of 
2 ft. took place. In about twenty minutes the river rose again to its formci 
level. Mr. Enoch Hallet, who was present at the time, infoimed me that 
between 1 and 2 o’clock the same afternoon, as the river fell, two members 
of the Constabulary stationed in the township — namely. Major Smith and 
Sergeant Miles — were bathing in a warm spring called Waiarika, situated 
oil the bank of the Waikato River, about a mile li*om the lake. Next the 
river the bath was fenced about with stones, and it stood about 2 ft. above 
the level of the water. Suddenly the bath bee ame cold, and the batheis 
were astonished to find that the river had risen to a level vdth ihe bath. 
It remamed in this state for about five minutes, and then suddenly returned 
to its former position. 

In August, 1895, a very severe earthquake took place in East Tauim, 
and the public road in places was entirely destroyed. The piuni<*e chlfs 
were much altered, and the isolated hill known as Manguaume, about 
three miles to the eastward of the lake, was split in parallel lines that lan 
north-east and south-west. Around the lake, but more particularly towards 
the east and north-east, are long deep valleys, consisting of main valleys and 
branching ones. It is difficult to account for the formation of these, unless 
we suppose that the lake was much higher and, of course, larger than it 
now is. The Rev. Mr. Fletcher, of Taupo, suggests that a subsidence of a 
large area in the lake took place, or that the wearing-away of a barrier in 
the river caused the deep, regularly cut valleys. But the same kind of 
valley is common over the greater portion of the Taupo Plateau, and some 
of the valleys slope in the direction of the Bay of Plenty. The more likely 
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reason is that a sudden uplift took place ol the country to the east and 
north-east of the plateau, which affected the entire area extending as far 
as Eotorua. 

In riding over the district one is impressed with the fact that the surface- 
features suggest changes of comparatively recent date. Bidwill, in 1839, 
wlicn travelling between Taurauga and Taupo, refers to traces of dead 
and bui*nt timber over a large extent of country. At that time no manuka 
(Lepfospernnnn scopariwn) was to be found between the Rangitaiki and 
Lake Taupo, and, in fact, there was no manuka between Tauhara Mountain 
and the lake so recently as 1869. Around the base of Tauhara, on the 
northern slopes, and reaching for several miles, are scores of charred totara- 
trunks that must have been of enormous size. No Native has any know- 
ledge of the area being covered with forest, but the logs remain to show 
that at some former time the country was bush-clad, and extended appa- 
rently m the direction of the Opepe Bush. Even at the present time the 
Taupo Plain is only just beginning to have the semblance of a (-ap of vege- 
tation. 

The entire country has been subjec-t to many disastrous explosions and 
earthquakes, so that the physical changes have been of frequent occurrence. 
Some of the old (raters are possibly overwhelmed along the lino where old 
<raterdl walls can be traced along the ridge that now separates the Waikato 
and the Rangitaild driiinago-aieas. As already remarked, the groyi:h of 
manuka on the plateau onlv began in the ‘‘seventies,” Tamati te Kurupae, 
the present lending chief at Taupo, recollects well when the manuka fu*st ap- 
peared, <mcl so rapidlv did it spread that it drove many Natives from their 
settlements, as they were unable to grow crops as heretofore. Neither 
Bidwill nor any other writer that I can discover makes reference to the 
Leptospemum as growing freely, and which is now so abundant in the 
district. This seems to me to imply that the surface of the plateau is com- 
paratively new, and the limited vegetation seems to support this view. A 
pumiceous smface such as the Taupo Plateau would take a long time to 
become the abode of oven the lowest forms of vegetation, except within the 
area of the swamps. 

The legends of the Natives are most suggestive in connection with the 
surface-(*hanges on the plains, implying differential movtmients that altered 
the flows of ihe rivers, and oven caused -jealousies to spring up between 
them. A long time ago, so runs the k^gend as told to me bv Tamati te 
Kurupac', the leading Taupo (*hief to-day, a serious quarrel arose between 
Waikato and Rangitaiki as to which had the greater mana. Rangitaiki 
urged that he was the greater and more important among the rivers, but 
Waikato replied, “No; 1 am chief; but if you think yoiu’self stronger 
and better let us put the matter to the test by seeing which of ns will first 
reach the ocean.” Rangitaiki derided the words of Waikato, and many 
angry scenes were mtnessed, but at last it was decided to put the matter 
to the test. The race began. Rangitaiki started from the swamps, and 
Waikato from Lake Taupo. Soon the latter river reached the Aratiatia 
Rapids, but becoming anxious about the Rangitaiki, his rival, he asked 
Puato (a small strealn entering the Waikato on the right bank) if he had 
seen Rangitaiki. Puato replied that Rangitaiki was moving rapicily towards 
Waikato, hoping to destroy him. Waikato made strenuous effort to move 
away from his rival. At Orakeikorako Waikato sent Tori-patutahi (another 
stream entering the river on the right bank) to go and see what had become 
of Rangitaiki. Tori-patutahi returned in haste and said that Rangitaiki 
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was close at hand. This news caused Waikato to alter his course to th.& 
sea, and thus he was able to outpace Eangitaiki, who, wandering through 
the countiy, lost his way in the AMiakatane Swamp, which showed how 
inferior he was in his mana to Waikato, whose name moans ‘‘ a great chief 
or leader ol the people.'" 

This legend is most suggestive as showing tlie likely changes that t<K k 
place along the ridge that separates the drainage-areas of Waikato ai^d 
Kangitaiki to the north of Mount Toruhara. There is no doubt whatev<‘i‘ 
that the surface of the country extending from Rot oka wa to Orakeikoraka 
and thence on to Waiotapu has undergone changes within recent times. 
It is possible that the Puato and Tori-patutahi Streams flowed into tlie 
Rangitaiki before the great eruption at Taupo, and even up to the time 
when the rift occurred that now forms the Waikato itseH from the place 
where it leaves Taupo Lake down to Orakeikorako. An imaginative people 
like the Maori personifies the changes or movements that take place in 
stream and mountain and bush, and the very fact that Puato and Tori- 
patutahi were sent as messengers to look after Rangitaiki imphes a change 
of flow in these streams, or at least a modification in the conditions of tlie 
country. 

A study of the surface-features of the Kaingaroa Plain to-day shows 
that the line of movement was to the north-west, and the exposures of the 
rocks suggest a marked depression to the northward of the fault that nins 
across the plateau in a north-west and south-east direction about six- 
teen miles from the lake. A reference to fig, 1 will explain this point. 
Tauhara Mountain is only 3,600 ft. above sea-level, and Lake Taupo is 
1,200 ft. The highest point on the plateau is about 2,530 ft. There are 
no exposed lavas nearer than Manganamu and Tauhara. The old water- 
valleys show nothing more than pumice and volcanic ejectamenta. except 
at King’s, near Opepe, where traces of volcanic rocks in situ are said to 
occur. Thus the lavas towards the Rangitaiki are much higher than are 
found between Opepe and Lake Taupo, so that unless there has been a big 
depression between Opepe and the lake, of 1,000 ft. or more, it is difficult 
to see how there could have been a connection between the lavas from 
Tauhara and those found at Loch Inver and Runanga. 

A survey of the whole of the volcanic area is badly wanted. Every 
volcanic orifice should be located, and the country mapped to show tliat 
the present line of volcanic activity is only one aspect of the phenomena 
that have taken place over a long period of time to bring about the pre- 
sent surface-features of the country. Isolated inspection is insufficient to 
formulate opinions as to the history of the surface-changes of the volcanic 
area and the probable duration represented by the volcanic rocks to be 
found ill the district ; but the events at Tarawera in 1886 suggest a line for 
observation. What took place at Rotomahana has likely taken place in 
a score of other places, and by placing the facts side by side, and studying 
the growth of vegetable-life within areas that appear to have been acted on 
by outbursts, as exemplified in lakes of depression, it may be possible to 
read far into the past, and even to suggest something as to the future. 
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,\rt. XXXV . — The Coalfields oj West Nelson ; with Notes on the Formation 

oj the Coal. 

By J. Henderson, 1>.8c., A.O.S.M. 

Communicated by Professor James Paj*k. 
befoie the Ofm/o Insfifuir, 4th October, 7910.] 

At the beginning of the coal period what is now west Nelson consisted of 
the same series of earth-blocks as now. These blocks had been subjected 
to denudation, and parts of the elevated blocks had been reduced to the 
same level as the depressed blocks ; consequently, when depression of the 
whole took place, conglomerates and sandstones were deposited not only 
on those blocks with a tendency to sink, but also on the lower portions of 
those blocks with a tendency to rise. 

A pause in depression permitted vast swamps and forests to envelop 
the coasts ; it is possible that the centres of the valleys were still under 
water. Further sinking caused the vegetation to be smothered by deposits, 
and repetitions of the processes have produced other seams. The gradual 
filling-in of the central deeper portions of the graben valleys would permit 
of the higher seams overlapping the lower in that direction, while the 
sinking of the land would produce overlap in the other. It is thus possible 
that the higher seams may extend right across a valley, while the lower 
thin out toward the centre ; perhaps all the seams so thin out. Where the 
main drainage-channels crossed the vegetation-fringe the coal-seams are 
likely to thin out and become impure. Again, it is conceivable that dif- 
ferent portions of the coastal fringe, by reason of differential sinking and 
differential filling, would become fit for vegetable growth at different times. 
WTien all is considered, it seems probable that the coal should occur as 
seams thinning out in all directions, and that the beds should overlap each 
other in a great variety of ways. The coal has not yet been sufficiently 
worked to prove these contentions, but the seams of Denniston, Eeefton, 
and Grey mouth appear to conform entirely with them. 

The h}’pothesis which considers coal-seams as altered accumulation of 
drift vegetable matter finds support in west Nelson, in that the coal 
frequently rests on hard rock without the interposition of fireclay ; further, 
the fireclay l)ands occur indifferently at the bottom or the top of the coal- 
seams. Again, water-worn pebbles occur in the coal at Point Elizabeth. 
The distribution of the seams is perhaps more readily explained by this 
than by the growth-in-place hypothesis. On the other hand, if the seams 
have been formed from drift some at least should occur intercalated with 
marine beds. This does not seem to be the case, and the beds immediately 
associated with the coal appear to be cither estuarine or lacustrine. 

Coalfields, 

The thrusting-up of what are now the peneplains, but what in Miocene 
times were base-levelled islands, through the surrounding coal-measures 
permits of a somewhat arbitrary division of the coal-areas into coalfields. 

The \Vhakainarama* Coalfield comprises the coal lying to the west and 
north of the AVhakamarama peneplain. It may be conveniently subdivided 

♦ Hochstetter : “ Now Zealand,'’ pp. 68, 84, 85. Hector : Geol. Surv., No. 4, p. 18 
// *seq.; No. 19, pp. ix-xiii. Cox : Geol, Rurv., No. 16, pp. 71-73. Park: GeoL Surv., 
No. 20, pp. 62-67, 200-5, 237-41. Maokay : Papers and Roi>oi*ts relating to Minerals, 
iOOO, C.-6, pp. 1-^. 
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into two poi*tioiis — thut lying between the Aorcre and Wanganui faults 
T.nd resting on a northern extension ot the Whakamarama earth-block, 
and that l 3 dug to the west of the Wanganui fault and fringing the coast 
as far south us the Big River. Only the edge upturned by the Wanganui 
fault of tins, the Wanganui subAeld, occurs above sca-level. The com- 
position ot the coal of the Wanganui section is shown m analyses 1 and 2, 
Table 0, while analyses 3, J, and 5 indicate the composition of the coals of 
the Pakawau section. Coal has been woikcd at W^est Wanganui, Pakawau, 
and Puponga. The seams appc'ar to be numerous, and up to 8 ft. in thick- 
ness. 

The Taitapu^ Coalfield occupies the floor of Golden Bay, and the coal- 
measures, extensively faulted, extend southward along the valleys of the 
Aorere and Takaka. The seams have been worked only at Motupipi, and 
are there up to 4 ft. in thickness. Analvscs 6 and 7, Table C, show the 
composition of the coal. 

The Whakatuf Coalfield is hmitod by the Motucka, Sherry, and alpine - 
overthi*Ubt faults. It extends beneath the Moutere gravels in the valley of 
the Motueka, and beneath the waters of Blind Bay and part of Tasman 
Bay. Coal outcrops at various points m the Motueka Valley, m the Tadmor, 
at Big Bush, and near Nelson, while carbonaceous shales occur in D’Urville 
Island. Coal has been worked near Nelson, and reaches up to 11 ft. iu 
thickness, but is here crushed by the alpine overthrust. The composition 
of the coals is shown by analvscs 8, 9, and 10, Table C. 

The Kawatirif Coalfield occupies the Kawatiri depression. It is divided 
into three parts by the Motueka and Tutaki faults. Of these, the most 
important is the central, or Mangles, section, in which the coal is mined 
for local requirements at Longford and the Owen. The Matin and Glen- 
roy subfields are northern and southern continuations respectively of the 
Mangles section. The seams of the Kawatiri Coalfield range up to 30 ft. 
in thickness. Their composition at various points is shown by analyses 11, 
12, and 13, Table C, 

The Oweka§ Coalfield occurs in the basins of the luangahua and Grey 
Rivers, and probably extends as far south as Ross, beneath the flats of the 
Taramakau and Hokitika Rivers. The main central portion of the field 
lies in a trough between the Inangahua and Mawhera faults, and stretches 
from Inangahua Junction to Ross. A series of outliers cap the hills to 
the east from Larry’s Creek to Big River, and again near Lake Eianieri. 
These outliers are not so deeply foundered as the main portion of the coal- 
field. The seams of this field range up to 60 ft. in thickness, and have been 
worked at several points near Reefton. Analyses 14, 15, 16, 17, 18, 22, 23, 
and 24, Table C, indicate the composition of the coals. 


■** Hoohstetter : New ZcaUad," p. 401. Park : Geol. Surv., No. 20, pp. 238-41. 
Mackay ; Paperb and Reportb relating to Mining, 1896, C.-ll, pp. 13-21. Bell : N.Z. 
(leol. Surv. Bull. No. 3 (n.s.), pp. 4(>-6l. 

t Hoohstetter : New Zealand,'’ p. 401. Mackay : GeoL fciurr.. No. 12, pp. 120, 
121, 129, 130 ; Papers, &e., relating to Mining, 1896, O.-ll, pp. 27-^0. Park : Geol. 
Sim., No. 19, p. 80. 

{Cos: Geol. 8urv., No. 16, p]>. 5-9. Park; Geol. Surv., No. 19, pp. 79, 80. 
IMackay : Geology of S.W. Nelhon, pp. 57, 59, 63. 

§ Mackay ; Geol Surv., No. 15, pp. 140-30 ; Geology of S.W. Nelson, pp. 57-61. 
Cos : Geol. Surv., No. 10, pp. 78-80. Bell : N.Z. Geol. Surv. Bull. No. 1 (n,s.), pp. 78-81. 
Morgan ; N.Z. (3eoi. Surv. Bull. No. 6 {n.s.), pp. 102-12. (’araplxdl : (4eol. Surv., No. 11, 
p.32. 
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Tlie Greymouth’^ Coalfield is divided into three sections by faults. The 
central Brunner section rests on the southern extension of the Paparoa 
earth-block, and Point Elizabeth and Blackball sections are dovTifaulted 
on either side. The seams are very extensively worked, and analyses 25 
to 30, Table C, show their composition. 

The Westport! Coalfield is analogous in structm’e to the Greymouth one. 
The central Mount Rochfort Coalfield hes on the northern extension of the 
Paparoa earth-block, and extends as far north as the Mokihinui. The Ori- 
kaka section, to the east, is downfaultcd between the Orikaka and Mawhera 
faults. The coastal section, to the west, extends from the Punakaiki to north 
of Westport, and underlies the sea for an unknown distance. The coal 
of Momit Rochfort section is mined at several points, and the seams range 
up to 60 ft. in thickness. Analyses 32 to 37, Table C, show the compositions 
of the coals. 

The Karameaf Coalfield extends fi* * * § om the Mokihinui to the Heaphv. 
Little is known of this field. Analysis 38, Table C, is of a coal from a 7 ft. 
seam in this field. 

Structurally, the Whakamarama and Taitapu Coalfields may be con- 
sidered as forming an anticline,! with the Pakawau section as the cro'wni 
and the Wanganm and Taitapu sections as the hmbs of the anticline. This 
anticline, which plunges to the north, is really the northern section of an 
elongated dome, formed by the thrusting-up of the Whakamarama earth- 
block through the coal-measures. This dome was never complete, as the 
coal-measures never covered the earth-block entirely. The Aorere and 
Wanganui faults probably grade into flexures in depth and also towards the 
north. A similar anticlinal structure prevails in the Greymouth and West- 
port fields, and probably also at the southern end of the Whakamarama 
earth-block in the Karamea field. The Whakatu field has probably a syn- 
clinal structure sloping to the north, and this structure has been brought 
about by the dragging-up of its edges by faulting. The Kawatiri field is 
probably boat-shaped for similar reasons ; but the symmetry of the basin 
has been destroyed by the Motueka and Tutaki faults, which leave the 
Matiri and Glenroy sections as elevated shelves. The structure of the 
Oweka field is in the main monochnal, although, if the Orikaka subfield in 
the north and the Blackball subfield in the south be regarded as parts of this 
field, the structure becomes synclinal at these points. 

Composition. 

It is generally admitted that, omitting cannel coal, &c., aU coals have 
been formed from vegetable matter of initially similar composition. The 
transformation of this vegetable matter is due to a fractional distillation, 
and the quality of the resulting coal depends on its relative completeness. 
The most generally recognized factors controlling this transformation are 
time, heat, and crustal movements. 

* Haast : Geology of W. Nelson, p. 104 et seq. Hector : Geol. 8urv., No. 4, 
pp. 24r-27 ; No. 20, p. xiii; No, 21, p. xxsviii; No. 9, p. iv. Cox: No. 10, p. 81. 
Campbell : No. 11, p. 31. Mack^ : Geology of S.W. Nelson, pp. 67-61. 

t Haabt : Loc, c^^, p. 113. Hector : GeoL Surv., No. 4, pp, 22-24 ; No. 9, p. iii ; 
No. 18, p. 166 ; No. 21, p. xxfdii. Cox : No. 10, pp. 106-20. Dennislon : No. 10, 
pp. 121-71. Mackay : No. 18, p. 161 et seq. ; No. 21, pp. 76-97. 

% Haast ; Loc. cit, p. 116. Bell ; N.Z. Geol. Snrv., 2nd Ann. Rep. (n.s.), pp. 7-0. 
Webb : Loc, cit,, pp. 24r-27 ; 3rd Ann.. Rep. (n.s.), pp. 21, 22. 

§ Hector : GeoL Surv., No. 19, p. x. 
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It is important to distinguisli between the effects of natural distillation 
and atmospheric* weathering. The following table shows the progressive 
effect of natural distillation : — 

Tabic A. 


Fixed 

Carbon. 

Hydro- 

carbons. 

Water. 


Locality. 

Reference. 

38-26 

40*51 

20-41 

0-82 

Charleston 

Col. Lab., 29. 

39-16 

40*63 

18-46 

1-75 

Giles Creek . . 

J. Hendeison. 

42-70 

41*00 

13-70 

2-60 

Motupipi 

Col. Lab., 41. 

42-13 

41*72 

10-27 

5-88 

Golden Ridge . . 

,, 41. 

46-60 

43*32 

8-87 

1-21 

Burke’s Creek 

„ 28. 

48-59 

43*15 

4-84 

3-42 

Seddonville . . 

,, 41. 

49-15 

46*75 

3-20 

0-90 

Blackball 

37. 

56-43 

39*68 

2-10 

1-87 

Denniston 

1 » 41. 

58-69 

39*26 

1-00 

1-05 

Millerton 

1 41. 

76-38 

19*25 

0-93 

3-44 

Paparoa 

38. 

90-90 

5*10 

0-80 

6-20 

Fox’s River . . 

35. 


It will be noted that the change from the brown coals to the best of 
the sub-bituminous is accompanied by a diminution of the water and an 
increase in both fixed carbon and hydrocarbons. Further change takes 
the form of an increase of fixed carbon at the expense of the hydrocarbons, 
the small percentage of water being decreased very slowly. With atmo- 
spheric weathering, on the other hand, the percentage of water is increased ; 
but the main change takes the form of a decrease in the hydrocarbons, 
causing an apparent increase in the fixed-carbons percentage, A com- 
parison of the odd numbers with the next following even numbers in Table B 
will make this clear as far as sub-bituminous and bituminous coals are 
concerned. 

Table B. 



Fixed 

Carbon. 

Hydi- 0 - 
< arbona. 

Water. 

Ash. 

Locality. 

Reference. 

1 

54-31 

33-81 

10-46 

1*42 

Burke’s Creek . . i 

J. Henderson. 

2 

42-42 

49-20 

• 7-28 

l-io 

Same seam , . | 

Col. Lab., 42. 

3 

54-18 

34-69 

9-54 

i-.5y 

Blackball . . , 

„ 22. 

4 

49-15 

46-75 

3-20 

0*90 

1 

5J • • 

„ 37. 

5 

50-00 

' 38-70 

5-80 

, 5*50 

Rise, Point Elizabeth 

,, 38. 

6 

44-08 

43-00 

5-85 

7*07 

Dip, Point Elizabeth 

,. 41. 

7 

52-40 

1 38-90 

6-70 

2*00 

Mokihinui . . i 

„ 38. 

8 

48-69 

43-15 

4-84 

3*42 

1 

■*> ’ ’ ! 

» 41. 

9 

66-12 

28-82 

4-25 

0*81 1 

Denniston , . | 

„ 11. 

10 

1 56-43 

1 

1 39-68 

2-10 

1*87 

-- 1 

41. 


A glance at Table C, on page 305, will show that the coals of west Nelson 
have a very wide range of composition, and it is to this wide range in the 
qualities of the various coals that the confusion of classification of the beds 
in the past has been mainly due. 
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Von Hochstetter* * * § ** divided tlie coals ol west Nelson into two sevies — 
Mesozoic and Tertiary — mainly on accomit of the difEorence hi composition. 
Von Haastt docs the same. CoxJ divided the coals between the Lower 
(jxeensand and Crctaceo-tcrtiary on stratigraphical gi-ounds ; but, evidently 
influenced by the difference in composition, Huttou§ placed the coals of 
Nelson and Motupipi in the Oamaru series, and those of Pakawau, Wanga- 
peka, Westport, Greymouth. and Eeefton in the Amuri series, of Cretaceous 
age. Hector II has pointed out the anomalies connected 'with this classi- 
fication, and has shown that, as far as west Nelson is concerned, the 
palaeontological evidence upon which Hutton relied foi* his classification 
was very incomplete. Park^i at first recognized two coal-horizons, but 
now, as the result of later investigation, places the Wanganui and Inanga- 
hua, Westport, and Greymouth coals in the Oamaru series, of Lower Mio- 
cene age. Von Ettingshausen,*’*' from an examination of the fossil plants, 
considered the strata at Pakawau, Wangapeka. Greymouth, and Eeefton of 
Cretaceous age. Hector ft placed all the coals of west Nelson at the base of 
his Cretaceo -tertiary, but considered that the coals occur in an upper and a 
lower horizon. Mackay placed the seams in the CVetaceo-teriiaiy, and did 
not express any opinion as to their occurrence in different horizons. 

From the above it will be seen that very considerable difference of 
opinion has existed as to age and relationships of these beds. 

The 'writer 'will attempt to sho'w that the coal-seams may occur in one 
aeries of beds. VTierever the basement rock of the coal series is exposed 
the coal-seams rest either hard on the basement rock or on sandstones and 
conglomerates immediately overlying it. Such is the case in the Pakawau 
field, at Motupipi, Nelson, the Owen, Eeefton, Charleston, Denniston, 
and other points. In the Greymouth field the semi-anthracites of Paparoa, 
the sub-bituminous coals of Blackball, and the brown coals of Moonlight 
Creek all he very near the basement slate. 

At Point Elizabeth the rocks are downfaulted, and the coal rests upon 
a considerable thickness of sandstone and shale. These lower beds may 
possibly represent the coal-measures of Mount Da\y. At West Wanganui 
the coal overlies sandstone, &c., but the basement rock is nowhere visible. 
These coals have b<‘eii downfaulted, as is indicated by tlie difference in 
strike of the comparatively elevated outliers near Golden Blocks, <iud 
there is nothing to show that the West Wanganui coals overlie these or 
the Pakawau coals. 

Again, 'with the seams at Moonlight, Blackball, and Paparoa, which 
are taken in ascending oixlcr ol elevation and carbonization, it is difficult, 
if not impossible, to account for their relative positions except on the 
assumption that they all belong to the same horizon and owe their present 
positions to faulting, and their various compositions to different distillation- 
conditions. Again, in no section do the bro'wn or sub-bituminous coals 
actually overlie the bituminous seams, nor do the limestones — which at 

* Hoohfirfcetter : “ New Zealand,” pp, 58, 59, 85, 

t Haaet : Geology of W. Nelson, 

t Cox ; Qeol. Surv., No. 16, pp. 71-73 ; No. 16, pp. .VS. 

§ Hutton : Trans. N.Z. Inst., vol. 22, p. 387. 
j| Hector : GeoL Surv., No. 21, p. xxxv. 

^ Park : “ Geology of New Zealand,” 1910, p. 293. 

** Von Ettingshausen : Trans. N.Z. Inst., vol. 23, p. 241, 
tt Hector ; Geoh Surv., No. 18, p, xxxii et seq. ; No. 21, p. xxxv et seq. 
j; Maokay : Geology of S. W. Nelson, pp. 67-61 ; Pai)crs and Reports relating to 
Minerals and Mining, 1900, C.-6, p. 4. 
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niaiiy places overlie, perluips un conformably, the so-called upper seams — 
at any place overlie the lower bituminous seams. All these things point 
to the conclusion that the coals of west Nelson belong to one series, of what 
age is here immaterial. Some oilier agency than time must, then, be looked 
for to explain the dilfenMices in composition of the coals. 

That heat is compei.ent to produce all the changes in coal-composition 
ib well known. Its efEects ate well shown at Malvern,* where a brown 
coal has been altered by a volcanic dyke. Such action, however, is purely 
local, and cannot explain the varieties of coal in west Nelson. Again, 
the deep burial of coal beneath other rocks, and the consequent increase 
of temperature, greatly hastens the distillation process. Such a theory 
is, however, quite inapplicable to west Nelson, where none of the coal- 
measures are, or appear to have been, deeply buried, and where the occur- 
rence of the more highly carbonized coals on the higher levels seems rather 
to contradict the theory. 

Considering, then, crustal movements : these no doubt liave great in- 
fluence both from the pressure exerted and the heat engendered thereby. 
Probably the anthracite of Fox’s Eiver and the plumbago of Pakawaut 
have been produced by the action of great faults. But if such be the con- 
trolling factor of this problem it is to be expected that the coal near Nelson, 
which is actually inverted and entirely crushed by the alpine overthrust, 
would be highly carbonized. It actually contains 53 per cent, of fixed 
carbon and 10 per cent, of water. Again, the coals of Blackball and Papa- 
roa, separated by a fault, which presumably affected them equally, con- 
tain 50 per cent, and 76 per cent, of fixed carbon respectively. Evidently 
crustal movements are incompetent to account for the variations in com- 
position of the coals. 

Time, heat, and pressure have been shown to be inadequate of them- 
selves. Another condition controlling the rate of distillation is the ready 
escape of the distillation volatile products. These volatile products would 
have opportunity to escape if the overlying strata wore porous or fissured. 
Porosity in a rock will have little influence where great thicknesses are 
concerned. Great thicknesses of porous rock do not, however, overlie 
the coals of west Nelson, the principal overlying rocks being mudstones, 
and wherever these have been wliolly or in part removed the coals are 
highly carboniz(Mi. 

Applying this hypothesis to the west Nelson coalfields, we find that in 
fhe Wliakamarania field the coals of the Ptikawau section occur in con- 
glomerates capping the tops 6f the ranges, the upper more impervious 
mudstones and limestones, which at one time probably covered them, being 
removed. The coals are highly carlioiiized, but on the western dip of the 
anticline, and to the north where it plunges, the overlying impervious beds 
are still in existence, and the i*oals merge into sub-bituminous and even 
brown coals. The Taitapu field has always been depressed, and the over- 
lying impervious covering is being added to, hence the coals are brown 
coals. Similarly, in the Whakatu field the main central portion of the 
field will contain brown coal, although round the edges of the basin coals 
of all qualities may be found, the degree of carbonization depending on 
local circumstances. In the Kawatiri field the bulk of the coals wifi, be 
bituminous, but in parts of the Mangles section and towards the west 
generally the coals may grade to brown coals beneath the limestones, &c. 

* Evaiito ; TraiiH. N.Z. Inst., vol. 31, x>* 557. 

t Cox : Gcol. Surv., No. 16, p. 71. 
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The coals of the eastern Oweka field are more elevated than those m the 
central section, and the upper beds of the measures have been removed. 
Thus the coals are superior to those of the central portion, which in turn 
grade from sub-bituminous on the east to brown coals on the west. In the 
Greymouth field the central elevated ridge carries semi-anthracites to bitu- 
minous, the degree of carbonization decreasing towards the south as the 
elevation decreases. South of the Tpieside the coals wiU probably be 
sub-bituminous, as are those of Blackball and Point Elizabeth. In the 
latter place mudstones and limestone overlie the coal. Similarly, m the 
Westport field the coals of the Mount Kochfort plateau decrease in car- 
bonization toward the north, where they 'will be overlaid in depth by mud- 
stones and become sub-bituminous or bro-wn coals. The seams of the 
coastal section are likely also to be brown coals, while those of the Orikaka 
section will grade from sub-bituminous to bituminous according to local 
conditions. The anthracites of Fox’s River, which may be included in 
the coastal section, are probably of purely local occurrence. Only bro\Mi 
coals have hitherto been reported from the Karamea field, but it seems 
feasible to suppose that bituminous coals may occur on some elevated ledge. 

From the above considerations, and from the analyses shown in Table C, 
the foUo'wing table may be prepared : — 


Field. 

{Section. 

Analyses. 

Quality of Coal. 


1 Wanganui . . ! 

i, 2, and 3 

Sub - bituminous to 

Whakamarama 

Pakawau 

4 and 5 

brown. 

Bituminous to sub- 


\ 


bituminous. 

Taitapu 

* * 1 

6 and 7 

Brown. 

Whakatu 

1 

8, 9, and 10 . . 

Bitumhious (?). 


jMatiri 

, . 

Kawatiri 

Mangles . . i 

11 .. 

Bituminous to sub- 
bituminous. 


1 Glenroy 

12 and 13 

Bituminous to brown. 


Eastern 

14, 15, and 16 . . 

Sub-bituminous. 

Oweka 

■ 

Central 

17, 18, 22. 23, and 

1 Sub - bituminous to 



24 

1 bro'wai. 


1 Blackball . . 1 

25 . . 

Sub-bituminous. 

Greymouth . . 

Brunner 

26, 27, 28, and 30 

Semi-anthracitous to 
i bituminous. 


1 Point Ehzdhethi 

29 . . 

1 Sub-bituminous. 


, Orikaka 

19, 20, and 21 .. 

' Sub - bituminous to 


1 


' brown. 

Westport 

Mount Roch- i 

35, 36, and 37 . . 

Bituminous. 

, fort 

Coastal . . , 

31, 32, 33, and 34 

! Brown. 


Karamea 

. . 

38 . . 

1 


Not even the rtmghest estimate of the quantity of coal available hi 
west Nelson can be given. This is due hi part to lack of data, but prin- 
cipally to Hke irregular distribution of the seams or lenses of coal throughout 
the measures and the rapidity with which the thickness of the seams var}’’. 
At Denniston only one-tenth of the area of coal-measures contains work- 
able coal. There is, ho-wever, little doubt but that many hundreds of 
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nullioiis of tons are available. The bulk of tbis vill consist of browai coals 
in no wise superior to the brown coals of the rest of New Zealand. Of the 
remainder the greater proportion will be sub-bituminous in qualit}’'. The 
comparatively small areas containing bituminous and anthracitous coals 
are elevated and geologically accessible, and because of this the quantities 
of coal they contain are approximately kiiow'ii. 

• Table (\ 


— 

Fixed * 
( 'a,rbon 

Hydro- 
( arboiis. 1 

Watei. 

1 

Ash. 

Sulphur. 

Lot ality. 1 

Relerence. 

1 

35-76 ' 

43-63 

15*40 1 

4-21 

3-86 

I 

Turimawiwi . . 

Col. Lab., 

99 

25. 

2 

41-40 1 

46-25 

5-65 ' 

6-70 

0-51 

Patarau 

37. 

3 

47-80 1 

42-23 

5-42 

4-55 

0-88 

Taitapu 

'9 

37. 

4 

59-53 1 

32-19 

5-18 

3-10 

0-70 

Pakawau 

99 

39. 

5 

52-50 

40-20 

5-90 

1-40 

1-92 

Puponga 

99 

36. 

6 

42-70 

41-00 

13-70 

2-60 

5-66 

Motupipi 


41. 

7 

31-87 

38-66 

14-09 , 

15-38 

2-48 

Takaka 


41. 

8 

53-59 

33-80 

10-20 

2-41 

. . 

Enner (rljmn 


30. 

9 

44-35 

31-78 1 

21-27 

2-60 

3-13 

Tadmor 


15. 

10 

59-16 

30-04 

6-12 

4-68 

, . 

Motueka 


33. 

11 

51-20- 

40-20 

2-80 

5*80 

0-36 

Longford 


38. 

12 

59-60 

33-50 

1-10 

5-80 

0-41 

Glenroy 


38 

13 

60-1 J 

29*76 

15-12 

5-01 

, , 

Manna 


29. 

14 

61-85 

27-10 

7-10 

3-95 

1-37 

Ross 


41. 

16 

48-00 

35-27 

1-02 

15-70 

2-60 

Kanieri 

•9 

39. 

16 

66-18 

32-24 

9-61 

1-97 

. , 

Mun*ay Creek 

99 

22. 

17 

42-42 

49-20 

7-28 

1-10 

3-89 

Burke’s Creek i 

99 

42. 

18 

56-98 

31-37 

9-57 

2-18 


Capleston 


22. 

19 

45-00 

38-00 

13-60 

3-40 

3-i9 

Orikaka . . 1 

99 

39. 

20 

48-14 

32-20 , 

17-40 

2-26 1 

. . 

' Berlin’s 

Sydney Fry. 

21 

64-06 

11-59 

10-14 

14-21 1 

. , 

Hawk’s Crag 

Col. Lab.. 

29. 

22 

39-16 

40-63 

18-46 

1-75 

0-41 

Giles Creek . . 

J. Henderson. 

23 

41-68 

35-79 

20-21 

2-42 

, , 

Little Grey . . 

Col. Lab., 

29 

24 

39-23 

30-30 

20*06 

10-41 

1 

1 Slaty CVeek . . 

J9 

29. 

25 

49-15 

46-75 

3-20 

0-90 

3-68 

, Blackball . . ^ 


37. 

26* 

‘ 76-38 

19-25 

0-93 

3-44 

0-27 

Paparoa . . , 


38. 

27t 

■ 59-23 

33-33 

2-11 , 

5-33 

3-36 

North Brumier i 

J. Henderson. 

28 

1 68-00 

37-83 

0-37 

3-80 

' 1-96 

Tyneside . . i 

Col. Lab., 

38. 

291, 60-79 

38-23 

7-90 

3-08 

0-44 1 Point Elizabeth 

•9 

38. 

30 

1 59-27 

35-34 

2-34 

3-05 

0-28 

Mount Davy 

'J 

41. 

31 

90-90 

5-10 

0-80 

5-20 

, , 

Fox’s River . . 

99 

35. 

32 

34-26 

31-76 

20-18 

13-80 

. , 

Brighton 

'9 

29. 

33 

38-26 

40-51 

20-41 

0-82 

. . 

Charleston . . 

'9 

29. 

34 

26-83 

35-31 

18-24 

19-62 

1 

Cape Foulwind 

9« 

20. 

35* 66-43 

39-68 

2-10 

1-87 

1 1-70 

Denniston . . 

'9 

41. 

36* 68-69 

39-26 

1-00 

1*05 

I 4-11 

Millertoii 

•9 

41. 

37 

59-35 

38-20 

1-95 

0-50 

4-38 

W estport-St ock- 


40. 





1 


ton 



38§ 62-40 

38*90 

6-70 

1 2-00 

3-83 

Mokihinui 

*9 

38. 

39 

1 38-20 

39-60 

19-10 

i 3-10 

4-00 

Karamea 

99 

37. 


* Mean of live. t Mean of ^ven. 

t Mean of eleven. fS Mean of bixteen. 
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Petroleum. 

In west Nelson traces ol oil arc iouiid at Karamea, Reefton, Dobson, and 
Kotuku. At Reefton the oil occurs in connection with certain shales under- 
lying the coal. As pointed out hy Morgan and Webb," the source of th(‘ 
oil is undoubtedly the beds of the coal series. At Karamea and Reefton the 
shales and clay stones which carry the oil are upturned by powerful faults, 
and the structure is synchnal. 

At Dobson the bore trom which the oil issues penetrates the western 
limb of the Brunner anticline. Between this bore and the crest of the 
anticline runs a branch of the great Mount William fault, to the west of 
which the oil will occur. At Kotuku the oil-permeated gravels lie over 
the northern continuation oi the Ross fault, and it seems feasible to suppose 
that these supplies of petroleum are soaking up along this fault. The struc- 
ture of the underlying coal-beds will be monocUnal. 

Summary. 

(1.) The coals of west Nelson, as first suggested by Professor Park.f 
have accumulated as marginal (probably drift) deposits. 

(2.) The coal-measures belong to one system only, and present an un- 
broken sequence. 

(3.) The more highly carbonized coals are generally the more elevated, 
or. more exactly, those from above which the impervious strata have been 
removed wholly or in part. Tins stripping ” permitted a relatively rapid 
escape of distillation-products and a relatively rapid distillation of the 
vegetable matter. It should be noted that Professor ParkJ has long in- 
sisted on the influence exercised by the character of the overlying measures 
in determining the formation of different classes of coal. 

(4.) The chances of large supplies of petroleum being found in west 
Nelson are not good. A certain amount may occur along faults. 


Art. XXXVI. — On the Genesis of the Surface Forms and Present Drainage- 
sifstems of West Nelson. 

By J. Henderson, D.Sc., A.O.S.M. 

CWmunicated l)y Professor James Park. 

[Brad before the Otago Institute, llth September, 2909. \ 

The term “ west Nelson ■” as here used includes all that part of the north- 
west of the South Island which lies to the west of the main divide and north 
of the Taramakau. This portion of New Zealand has an area of close on 
8,000 square miles, and consists of a series of earth-blocks, which at one 
time presented a comparatively even surface, but which have suffered 
such a differential elevation that some of the blocks have been raised till 
their surfaces are 5.000 ft. or more above the surfaces of the other blocks, 

♦jVIorgan : GeoL Surv., 3rd Ann. Rep. (n.s.), pp. 9, 10. Webb ; Idem, p. 23. 
t Park : ** Geology of New Zealand," 1910, p. 280 ct $eq. 
t Park ; Mining Geology," 2nd ed., 1907, p. 32. 
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forinnig a group of block mountains analogous to those in Otago,* except 
that, having been subjected to the more active denudation-conditions ob- 
taining in this portion of Now Zealand, they have been more thoroughly 
dissected. At present only the comparative equality in height of the higher 
peaks indicates the ancient peiiepla nation. 

Faults. 

There arc, then, two elements in the geography of west Nelson — the 
peneplains and the rift- valleys — and the limits of both of these are generally 
determined by powerful faults. There are two groups of normal down- 
throw faults, separated by the great alpine overthrust, those lying to the 
west o£ this overtln’ust belonging to west Nelson, and those to the east to 
the alpine range. 

The main structural fault of west Nelson, and, indeed, of the South 
Island, is the groat alpine overthrustf which runs from Foveaux Strait to 
D’Urville Island. This overthrust follows the Gregory Valley of Morgan.J 
which may be traced from Lake Kaniori to Lake E.otoiti.§ Its com*se has 
been indicated by HcclorU and Macka}’.^! On the western side of this 
great fault have been intruded igneous magmas, which abut at intervals 
against the overthrust from South Otago to Lake Kotoiti, in Nelson. On 
both sides of the fault occur basic and ultrabasic intrusions of later age 
than the granitic intrusions already mentioned. On the east side they 
occur from D’Urville Island to Otago, forming in part the Pounamu forma- 
tion of the Geological Survey, On the west side these rocks are i* * § epresented 
by lavas at Koitcrangi and Paringa, and by dykes at many points. 

The faults of the alpine range arc exceedingly numerous, and tend to 
run either north and south or east and west.** They are often indicated by 
hot hepatic springs, as in valleys of the Maruia, Upper Grey, Hurunui, 
Trent, and Taipo Eivers. North-and-south faults occur in the Upper 
Taipo, Otira, Waikite, and Trent. East-and-west lines of faulting — ^perhaps 
hlntten — are followed by the Upper Taramakau and Hurunui, the Waiheke, 
and Doubtful, the Marchant, Upper Grey, Maruia, and Henry Rivers. 
The Wairauft is difEcrent from the faults of the alpine peneplain, 
hitherto considered : it has a niori* easterly trend than either the main 
alpine overthrust or the great faults of the Kaikoinas and North Island 
ranges — it is, in fact, a connecting-link between these two great parallel 
systems of breaks. 

Tlie faults to the west of the alpine overthrust tend to run in two 
directions — ^north and south, and north-east and south- west. The first to 
be considered, the Motueka fault, probably skirts the coast of Tasman 
Bay, running south from Separation Point to the month of the Motueka, 


* Park : N.Z. deol. Surv. Bull. No. 2 (n.s.), p. 6 ct srq, ; No. o (u.s.), p. 6 et seq, ; 
“Goology of New Zealand,” 1910, p. II. 

t Mackay : Geol. Surv., No. 21, p. 20. Morgan : N.Z. Geol. Surv. Bull. No. 6 (n.'i.), 
p. 71 a&q. 

t Morgan ; N.Z. Gool. Surv. Bull. No. (5 (u.h.), p. 38. 

§ Haast : Geol. Explor. of West Nelson, p. 94. 

II Hector : Geol. Surv., No. 4, p. 29. 

^ Maokay : Mines Statement and Golclhelds Reports, 1893, pp. 136, 174. 

♦* Cj. Morgan : N.Z. Geol. Surv. Bull. No. 6 (n.s.), p. 70. 
tt Maokay : Geol. Surv., No. 21, p. 19. 

it Park : Geol. Surv., No. 19, p. 88. Maokay : (^eol. Surv., No. 21, pp. 20, 21. 
Macl^y : Gool. Surv., No. 12, pp. 124, 126, 127 (in this and in many following references 
faulting is not definitely stated, but may be infeired). 
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where it turns south-west and follows the flanks of the Mount Arthur Range, 
contorting the strata in the Graham, Baton, and Wangapeka Rivers. One 
branch runs south-east along the Sherry River,* and probably reaches the 
alpine overthrust near Lake Rotoiti. The main faiflt is continued into 
the basin of the Owen.f which river it follows to the junction of the 
Mangles, thence crossing to the Matakitaki. The Tutakif fault leaves the 
Motueka fault at the Owen, flanks the Murchison peneplain on the west, 
into the head of the Tutaki, thence by the Glenroy junction along the 
Warbeck and Warwick Rivers to the Maruia. The MatiriJ fault, parallel 
to the Motueka fault, shows itself in the Upper Wangapeka and probably 
the Upper Crow, follows the Upper Matiri to the Maruia junction, thence 
by Deepdale into Larry’s Creek, and flanks the Victoria peneplain on the 
west, reaching the alpine overthrust near Lake Haupiri. 

The Takaka fault§ follows the Takaka River for twenty miles, thence 
crosses the range joining the Motueka fault near the Baton. The Karamea 
faultll crosses the Mount Arthur tableland from the Takaka to the Leslie, 
thence into the Upper Karamea ; it determines the course of the north and 
south branches of the Molahinui, thence to the Bidler by way of New Creek. 
The Mawhera fault, a direct continuation, flanks the eastern base of the 
Paparoas, running to sea south of the Taramakau. A subsidiaiy parallel 
fault to the west detei mines the course of the Orikaka and Blackwater 
Rivers. The Inangahua fault** leaves the Karamea faulr at New Creek, 
flanks the western base of the Brunner Range and the foothills of Victoria 
Range, reaching as far south as the Bia Grey, where its bouthern continu- 
ation is overlain by Old Man gravels. The Ross faultft is a south-west 
fault, flanking the western of the granite foothills from the Grey River to 
Ross ; it manifests itself at Koiterangi and Mount Greenland. 

The Aorere faultJJ runs along the western shores of Golden Bay and 
follows the Aorere, and thence by way of Brown's Ci*eek across the Gouland 
Downs. The Wanganui fault runs south-west through West Wanganui 
Inlet, and a probable parallel fault determines the trend of the coast from 
Cape Farewell to Rocks Point. The Lower Buller fault§§ follows the 
coast-line south-west fi*om north of the Mokihinui, and skills the higher 
land from the Ngakawhau to the entrance of the Buller Gorge, thence to 
the coast at the mouth of Fox’s River. The Momit William fault||li flanks 

♦ Mackay : Oeol. Pui\ ., No. 12, p. 130. 

t Haast : Geol. Explor. of Wcbt Nelnon, pp. 95, 9t). Cox : Geol. Riu*v., No. i(>, 
pp. 5, 6, 8. Park : Geol. Surv., No. 19, i^p. 79, 82, 84. 

j Hector: Geol. Surv., No. 4, p. 27. Cox: No. 10, p. 0. Park: No. 19, p. 80. 
Mackay : Gool. R.\V, Nelson, pp. 11, 12, 57. 

§PaTk: Oeol. Surv., No. 20, p. 192. Mackay: No. 21, p. 21. Bell: N.Z. Geo’, 
Surv. Bull. No. 3 (n,P.), p. 50. 

II Hector : Geol. Surv., No. 4, p. 27. Cox : No. 9, p. 117, Mackay : No. 21, j). 21 : 
Llackay here ascribes the dislocation of the rock at the base of the Lyell Mountains and at 
New Creek to his Motueka fault. Mackay : Geol. S.W. Nelson, p. *12. 

T[ Mackay : Geol. Surv., No. 8, pp, 103, 104, 105 ; No. 21, p. 21 (Motueka fault) ; 
Geol. S.W. Nelson, p. 58. 

** Mackay : Geol. Surv., No. 15, pp. 145, 146, 147. 

tt Bell : N.Z. Geol. Surv. Bull. No. 1 (n.8.), p. 81. Morgan : N.Z. Geol. Surv. Bull. 
No. 6 (n.6.), pp. 70, 71. 

jf Hector : Geol. Surv*., No. 4, p. 19. Cox : No. 15, pp. 71, 72. Park : No. 20, 
p. 202. Bell: N.Z. Geol. Surv. Bull. No. 3 (n.s.), p. 50. jVIackay : Papers and Rcpo^t^, 
1896, 0.-11, p. 9. 

§§ Mackay; Geol. Surv,, No. 8, pp. 107, 109, 112 ; No. 21, pp. 22, 78. 

nil Mackay: Geol. Surv., No. 8, pp. 76, 110, 113; No. 21, p. 78 ; Geol. S.W. Nelson, 
p. 58. Webb : Geol. Surv., 2nd Ann. Rep. (n.s.), p. 26, 
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tlie granite ranges south, from Mount Domett, enters the Mokihinui basin 
by Rough-and-Tumble Creek, thence along the Upper Ngakawhau and 
Waimangaroa, past Mount William, and across the Buller by way of Cascade 
Creek ; thence it flanks the Paparoa peneplain to Point Elizabeth : a 
branch probably crosses the Grey between the first and second gorges. 

The faults of west Nelson, as far as the unriter can tell, are all distributed 
faults, often many chains wide. 

Peneplains. 

The fractui'es of which the general course has just been indicated 
separate the two main elements in the geography of the area, the pene- 
plains and areas of depression. 

The most northerly elevated earth-block is that forming the Whaka- 
marama Range. This peneplain has a north-east and south-west exten- 
sion, and is bomided by the Aorere and Wanganui faults. The highest 
peak is 3,980 ft., and several peaks attain 3,500 ft. This block consists 
mainly of Palaeozoic rocks with a north and south or north-north-east and 
south-south- west strike.* It is skirted on the west by a belt of Tertiaries, 
and is overlain on its noi'thern limb by the same rocks. f 

The Pildkinma peneplain is bounded by the Motueka and Takaka 
faults. The highest peak is 4,359 ft., and the average of five peaks is 
3,920 ft. The slope is to the north half of this earth-block, to the north and 
east is of granite, the rest of Palaeozoic rocks,! the strike of which varies 
much from north-east and south-west to north and south.J 

The Mount Arthur peneplain is the principal one in this part of the 
country. From it have been carved the Mount Arthur, Douglas, Haupiri, 
Anatoki, and Leslie Ranges. It is limited by the Takaka and Motueka 
faults on the east ; on the west by the Aorere fault and by a probable 
continuation of the Mount William fault. It is separated from the Lyell 
peneplain on the south by the saddle between the Baton and Karamea. 
This depression may be a fault-rift, or it may be a col between the trun- 
cated domes (uplifted by the laccolites beneath) of the Mounr Arthur and 
Lyell peneplains. The Mount Arthur peneplain is traversed by the Kara- 
mea fault, which cuts ofE the Mount Arthur Range from the rest of the 
peneplain. The highest point is 6,000 ft. above sea -level, and the mean of 
eleven peaks is 5,110 ft. Granites appear right along the eastern and 
western borders of this earth-block, and in patches in the north ; in fact, 
the Palaeozoic sediments which form the central portions rest on a vast 
plinth of granite.§ These sediments contain numerous dykes, and strike 
from north-west and south-east to north-north-east and south-south-west.il 
The Lyell peneplain is determined on the east by the Motueka fault, 
on the west by the Moimt William fault, on the north by the col before 
mentioned, and on the south by the Upper Buller Gorge, which the Buller 
has formed by cutting through the saddle between the Lyell and Victoaia 
peneplains. The E^ramea and Matiri faxilts traveise this peneplain. The 

* Cox : Geol. Surv., No. 15, p. 6b. 

t Park : Geol. Surv., No. 20, p. 186 et seq. 

i Cox : Geol. Surv., No. 13, p. 2. Park : No. 20, p. 228. Hochstetter’s ** New 
Zealand, ’’ p. 102. 

§Mackay; Geol. Surv., No. 12, pp. 102, 122. Cox: No. 14, pp. 43, 44; No. 15, 
pp. 63, 64. Park: No. 20, pp. 230, 231. BeU: N.Z. Geol. Surv. Bulk No. 3 (n.^.) 
p. 70 et seq. 

j| Mackay : Geol. Surv., No. 12, pj). 125, 127, 128. Cox ; No. 14, pp. 45, 49, 60, 51 
Park ; No. 20, pp. 210, 211, 213, &o. Bell : N.Z. Geol. Surv. Bull. No. 3 (n.s.), pp. 34, 45 
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highest peak is 5,750 ft,, and the mean of twenty peaks is 4, 800 ft. In 
structure the Lyell peneplain resembles the Mount Arthur peneplain, the 
ancient sediments, and in part also Camozoic rocks resting on a platform 
of granite. Thus on the west the peneplain is edged by the granites of 
Mount Eadiant and Mount Glasgow, and granites occur on the south and 
east.*'^ The strike of the older sediments is nearly north and south.f 

The Murchison peneplain is separated from the Lyell peneplain by the 
Motueka fault. It is determined on the west by the Tutaki fault, on the 
south-east by the alpine ovciiihrust, and on the east by the Sherry fault. 
The highest peak is 1,629 ft., and the mean of eight peaks is 4,000 ft. This 
block is low on the east, due to denudation and to the oveiTiding of the 
alpine peneplain. It has been very thoroughly dissected, so that only on 
the west do sediments which strike north and south occur. J To the east 
the gramte has been cut out into isolated pyramids. 

The Victoria peneplain, the remnants of other domes, is bounded by 
the alpine-overthrust and Mathi faults. The Matiri fault traverses its 
northern end, and roughly separates the Brunner and Victoria Eanges. 
The highest peak is 5,571ft., and the mean of twenty peaks is 4,930 ft. 
Denudation has removed nearly all the sediments first uphfted by the 
laccolites. A strip of slate with a north-and-south strike § borders its 
western flank. Patches of Cainozoic rocks occur on the west and north- 
east. 

The Wainihinihi peneplain|i flanks the alpine divide as far north as Bell 
Hill. The alpine overthrust separates it from the alpine peneplain, and 
on the west it is determined by the Boss fault. This peneplain, which has 
a north-east and south-west extension, has been very thoroughly dissected 
by rivers flowing across it from the alpine peneplain. It now consists of a 
series of pyramidal peaks with an average height of, say, 4,000 ft. The 
sediments which formed part of its original mass occur only as narrow 
strips flanking the west of the peaks from Bell Hill to Boss, and striking 
north-north-east to north-west.^ 

The Paparoa peneplain is a truncated dome the sediments of which 
flanked it before peneplanation ; elevation and faulting are now repre- 
sented by the slates at its northern and southern extremities, which strike 
from north-west to north-east.** It is bounded by the Mawhera and Lower 
Buller faults. Its highest peak is 4,250 ft., and the mean of five peaks is 
4,000 ft. This peneplain is almost entirely surrounded by Cainozoic rocks 
derived from its own degradation. ft 

The alpine peneplain is of the same age as the other peneplains of the 
*irea. It stretches without break from D’Urville Island to Otago. 

The wonderfully well-preserved groups of block mountains occupying 
CVntral and North Otago, first described by Professor Park,{{ are the 

Haast : Geol. Explor. of W. Nelbon, pp. 98, 99. Macka^ : Geol. 8.\V. Nel&on, 
p. 00. Webb : Geol. Surv., 2ucl Ann. Rep., x>p. 26, 27. 

t Park : Geol. Surv., No. 19, pp. 81, 82. Webb : Loc. cit, p. 27. 

t Park : Loc. cit, x)];>. 81, 82. 

§ Haa&t : Geol. Explor. of W. Nehon, p. 101. Mackay : Geol. Surv., No. 15, p. 123 
it scq. 

II BeU: N.Z. Geol. Surv. Bull. No. 1 (n.i>.), p. 26. 

it BeU : Loc. cit^ p. 46. Morgan ; Ibid.^ No. 6 (n.fc..), p. 97. 

■*'* Cox : Geol. Surv., No. 9, p. 76. 

tt Maokay : Map with Geology of S.W. Nelson. 

tt Park : N.Z. Geol. Surv. Bull. Nos. 2 and 5 (n.s.), 1006, 1908 ; and Geology of 
New Zealand, 1910, pp. 10, 11, 144. 
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remains of the Otago peneplain, which is merely the southern continuation 
of the alpine peneplain of Canterbury and Westland. 

On the west the alpine peneplain is bounded throughout its entire 
extent by the great alpine overthrust. It occupies a great part of Marl- 
borough, east Nelson, and Canterbury. Like the other peneplains, it has 
been subjected to differential uplift, and, on the whole, the uplift has been 
greater. From the head of the Taramakau to the head of the Maruia 
the average height of the peaks is about 6,000 ft. ; from Cannibal Gorge 
to Lake Rotoiti the mean is well over 7,000 ft. ; while noi*th of Lake Rotoiti 
few of the summits overtop 5,000 ft., and going north the heia,ht sinks 
gradually to 2,000 ft. on D’Urville Island. 


The Areas op Depression. 

The first oi these to be considered, the Taitapu depression, is at present 
occupied to a great extent by Golden Bay. It is bounded on the west by 
the Aorere fault, and on the south by a probable fault parallel and subsi- 
diary to the Cook Strait fault, which passes north of Cape Farewell. Two 
arms of this depression extend southward along the rift-valleys of the 
Aorere and Takaka. These two prolongations are filled with three series 
of deposits. The oldebt of these deposits consists of conglomerates, sand- 
stones. and limestones of probable Miocene age ; the next deposit consists 
of gravels, and mudstones laid down when the land stood at a lower level 
— ^probable age Pleistocene ; the other senes of deposits are the gravels of 
Recent age. 

The tVhakatu rift-valley is bounded by the Motueka, Sherry, and alpine- 
overthrust faults. Its northern depressed end is occupied by Tasman 
and Blind Bays. The southern end is occupied by a vast deposit of gravels 
— ^the Moutere gravels — of Pleistocene age. On the south these gravels 
cover — in fact, completely cross at one point — ^the Mm*chison peneplain. 
At numerous points around the edges of the valley the Miocene coal- 
measures outcrop, and it seems reasonable to suppose they foim the floor 
of the whole valley. 

The Kawatiri rift-valley, separated from the AMiakatu Valley by the 
Murchison peneplain, is bounded by the Tutaki, Matin, and alpine-over- 
thrust faults. It lies at a higher level than the areas of depression hitherto 
described, and is occupied chiefly by the Miocene rocks, the Pleistocene 
gravels which may at one time have covered the coal-measures having 
been almost .entirely removed. 

The Oweka depression (named fi’om the Maori name for the plains of 
the Inangahua*) hes between the Victoria and Paparoa peneplains, and 
extends northward into the valley of the Orikaka, and perhaps into the 
basin ot the Mokihinui. It is bounded by the Mawhera, Inangahua, and 
Ross faults. Like the other rift -valleys, its floor is covered with Miocene 
strata, which in turn are overlaid by Pleistocene (Old Man) gravels and 
Recent river-wash. 

A long depressed strip faces the Tasman Sea, in places smking in steps 
from the Paparoa, Lyell, and Mount Arthur peneplains, which bound it on 
the east. In this coastal strip occur the basement rocks, granite, grervvacke, 
the Miocene coal series. Pleistocene and Recent gravels. 


^ Haa-bt : Geol. Exploi*. ot W. Kdsou, p. 70. 
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fTEOLoaicAL History. 

A tentative account of the later geological history of west Nelson is 
hire put forward. In Mesozoic times w'hat is now New Zealand formed 
the littoral of the primary coast of the Pacific Ocean. The vast accumula- 
tion of sediment w’hich seems to precede the foimation of fold-mountains 
WMS deposited. Then a fold-movement was initiated, probably contempo- 
raneous with the sinking of the land now occupied by the Tasman Sea. 
This folding ridged the land into a series of folds rmming north-north-east 
and south-south-west to north-west and south-east, or, say, on an average 
north and south.* Then, probably in late Mesozoic or early Cainozoic 
times, the alpine orogenic folding commenced, which culminated in the 
production of the great alpine overthrust. This crosses the older north-and- 
south folds obliquely, running as it does north-east and south-west parallel 
to the alpine folds. The pressure forced molten magmasf into the rocks 
along the lines of weakness. Of these lines of weakness the principal is the 
alpine overthrust, and granites occur just to the west of this line in west 
Otago and from Mount Bonar in Westland to Lake Botoiti in Nelson, 
Besides the granites immediately abutting on the alpine overthrust, the 
intense pressure from the east forced up magmas along lines of weakness 
farther to the west. Thus great laccolites occur along the axes of the older 
north-and-south folding. In west Nelson the longer diameter of the granites 
of the Murchison peneplain are continued north-north-east and north to 
Separation Point, and the granites of Victoria peneplain trend north and 
south, and their northern end is very close to and perhaps continuous with 
the granites flanking the west of the Lyell and Mount Arthur peneplains. 
These north-north-east and south-south-west lines of weakness continued 
northward pass through Taranaki and the Auckland Peninsula, while the 
alpine-overthrust line passes near Taupo and White Island. It is probable 
that even at this period the great fracture-lines had been initiated, { the 
breaks running north and south or north-east and south-west, according 
as the influence of the north-and-south folding or the pressure from the 
south-east predominated. At already pointed out, the faults of the alpine 
peneplain strike nearly either north and south or east and west, while the 
overthriist strikes north-east and south-west. It is suggested that the 
north-and-south faidts follow lines of weakness developed by the old north- 
and-south folding, while the east-and-west faults represent the brealdng- 
back of the fissures to the line of greatest tension. 

The land seems to have been above sea -level till Tertiary times, when 
depression permitted the inroads of th(‘ sea into the rift-valleys which had 
already been formed. Deposits accumulated in these rift-valleys. In 
ascending order, they are conglomerates, sandstones, and shales with coal- 
seams ; then mudstones and dark strata, analogous to those at present 
forming on the shores of Blind and Grolden Bays, West Wanganui Inlet, 
Otago Harbour, and, indeed, any land-locked arm of the sea silting up. 
Further depression permitted the formation of sandstones, calcareous sand- 
stones, arenaceous limestones, and finally pure shelly limestones. WTien 
these last were formed the land-surface of what is now west Nelson was 

*(?/. Morgan: N.Z. (xeol. hJurv. Bull., No. tf (n.s.), p. 78, Dobson (quoted by 
Hochstetter, “New Zealanc!,’^ p. 485) stateh that the strike of the beds is north-east, 
while the general ti*end of the range is north-east. 

t The granites of west Nelson are not at all the same age. 

I* The numerous lo<le» of west Nelson occur near the great faults. 
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represented by a series of base-levelled islands , to the east the lon^ line of 
what IS now the alpine peneplain rose from a shallow sea. 

Elevation now took place. In this portion of New Zealand the eleva- 
tion was of the plateau-forming order, merging into the fold-movement of 
the Kaikouras and North Island ranges. This fold-movemenr was accoin- 
panied, perhaps casually, by the foundering of the noi'thein continuation of 
the alpine peneplain. The elevation was accompanied in west Nelson by 
the intrusion of the unconsolidated ultrabasic portions of the magmas, of 
which the acid portions are represented by the granites that even in Miocene 
times had been exposed bv denudation. The lavas of Koiterangi and 
Paringa and the dunites of the Pounamu formation belong to this period. 
Here also belong the protogines and hornblende granulitos produced by 
movement along the alpine overthrust. The elevation was of a differential 
natui* * * § e, and the alpine peneplain was elevated more than the other pene- 
plains. Again, different parts of the alpine peneplain were differentially 
elevated, and the greatest elevations seem to be immediately opposite to 
the depressions on the west of the overthrust. Thus in Westland, south of 
the Wanganui, the alpine peneplain has been very greatly elevated, whiles 
the gramtes which probably at one time ocem-red here to the west of the 
overthrust have disappeared. Again, the alpine peneplain is relatively 
high between the Upper Maruia and the Wairaii, and to the west of the 
overthrust is the Kawatiri depression. Opposed to the Whakatu rift-valley 
and the relatively depressed alpine peneplain is the high land of the 
Kaikouras. 


Djrain:aoe. 

The elevation of late JMiocene times initiated a new cycle of erosion.. 
The streams from the base-levelled land united to form larger streams, which 
flowed through the rift-valleys across the newly deposited strata. Thus 
the Aorere was formed from streams draining the west and north-west 
of the Mount Arthur peneplain. The ^\Tiakamarama peneplain on eleva- 
tion was tilted to the north and west, and the consequent streams flow 
north-west to the sea : later, the Kaituna broke through the eastern fault- 
scarp and captured some of tliis drainage for the Aorere, which, however, 
lost its head-waters to the Heaphy and Big Rivers.* The Takaka cut out 
its chaimel along the Takaka and Karamea faults as far as the Upper 
Karamea,t which was afterwards captm'ed by the Karamea in accordance 
with the law of greatest slopes. The Kawatiri basin at this time drained 
into the Whakatu, J while the Oweka rift-valley was drained by a river 
having the head-waters of the Mokihiiiui as its course, and its mouth near 
Lake Brunner.§ Tributaries from the alpine peneplain flowed right across 
the intervening Victoria peneplain: such were the Ahaura, Upper Grey, 
and Inangahua, the volume of the latter being then increased by the present 
Upper Maruia. Similarly, the Taramakau flowed across the AVainihinihi 
peneplain. 

A pause in elevation permitted the river-systems to mature and a vast 
accumulation of gravels to be formed. These gravels occur in the valleys 
of the Aorere and Takaka. The Whakatu filled its valley with the Moutere 


* Cox : Geol. Surv., No. IS, p. 07. 

t Mackay ; Gold-deposits of N.Z., p. 11. 

t Cox : GeoL Surv., No. 16, p. 68. Park : Tranb. N.Z. Iiost., vol. 37, p. 349. 

§ Haast : Geol. Explor. of W. Nelson, p. 103. Marshall : Geog. of N.Z., pp. 140, 141 . 
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gravels, wliich reaeli a height of 3,000 ft. above sea-level and overlap the 
Murchison peneplain right to the Kawatiri basin. The Oweka Valley was 
filled bv the gravels of the Old Man Bottom, which as they were pushed 
farther and farther south overlaid the beds known as the Blue Bottom. 
These are pi'actically (*ontemporaneous ■with the Old Man Bottom beds, 
tiud were laid down in a shallow bay, to be ultimately covered by the 
advancing delta of the Oweka and other lesser streams fiom the alpine 
peneplain. 

Further elevation now took place, and the prcbent cycle of erosion 
commenced. The peneplains, lifted more rapidly than the rift-valleys, were 
now sufficiently high to allow vast snowfields and glaciers to form. They 
were not at that time so thoroughl}" dissected as at present, and the surface 
of high land was much gieater than now. The Mount Arthur, Lycll, 
Victoria, and Paparoa peneplains all testify io the former existence of 
glaciers, and the alpine peneplain shows traces of a much more exten- 
sive glaciation than now obtaining. This elevation brought about many 
changes in the river-systems. The Wairau, eating back along the great 
Wairan fault, captured the head of the Motueka.* The Oweka had 
formed a coastal j)lain, and its mouth had been forced to the north by the 
prevailing northerly drift. When elevation took place it was handicapped 
in ( utting back by the hard Miocene sandstone immediately iindeiiying the 
alluvium of its lower course Moreover, the eroding-power near its mouth 
was greatlv lessened bv the deposition of the great bulk of the sediment 
in its sluggish middle course. The Mokiliinui and Bullcr, small consequent 
streams, broke into and captured the upper poition of the Oweka. The 
Mokihinui had only the rock-bound source of the Oweka, but the Buller 
reached the unconsolidated Old Man gravels, and carved its way south, 
capturing the Inangahua,t which had already been beheaded by the Upper 
Grey. The stream which cut the Upper Buller Gorge had now a greatly 
augmented eroding-power, and captured the drainage of the Kawatixi basin, 
the outlet to the Wairau being blocked by the great glaciers which formed 
Lakes Eotoroa and Kotoiti. The conquest of this basin was contemplated 
when the head of the Maruia was transferred from the Upper Grev-t This 
must have taken place almost within historic times. 

Al one time, also, the streams forming the Grey foimed a river flowing 
to the oast of its present course. A range of Old Man Bottom hills lies 
between this old course aud the present course oJ ihe Grey. 

BUAIMAUy. 

(1.) West Nelson consists of <\ series of earth-blocks diflerentially 
elevated. 

(2.) The fault-lines separating the blocks were probably established at 
the time of the intrusion of the granites, consequent on the orogenic move- 
ment which formed the alpine chain. 

(3.) The first cycle of erosion, which was very complete, produced the 
coal series and base-levelled the elevated earth-blocks. The radial drainage 
obtaining on the western portion of the Moimt Arthur peneplain and on 
the Pikikiruna, Lyell, and Paparoa penplains has probably been evolved 
from this ancient drainage. 

•“ Haast : Geol. Explor. ot W. Nelson, pp. 3, 90, 91. 
t Haast : Lee, crt., p. 103. Marshall : (4eog. of N.Z., pp. 140, 141. 
t Mackay : Oeol. of S.W. Nelson, p. 43. Mines Statement, 1893, p. 173, 
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(4.) The second cycle of erosion, though less complete than the first, 
produced the fluvio-glacial Moutere drifts and the Old Mkn Bottom gravels, 
and was initiated by the forcing-up of the peneplains and the consequent 
reopening of the fractmes. The Whakamarama peneplain was tilted to the 
north-west and the Victoria peneplain to the west, and to this is due their 
present drainage. The higher elevation of the alpine peneplain caused its 
western drainage to cross the Wainihimhi, Victoria, and Murchison pene- 
plains where these abut against the alpine peneplain. The drainage of 
the lower country, which dates back to this time, has been most profoundly 
influenced by the great fractme-hnes, especially in the alpine peneplain. 

(5.) The third, or present, cycle of erosion is veiy incomplete. Further 
movement took place along the fracture-lines, and certain changes in the 
drainage. 
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PAET I.— PHYSIOGKAPHY. 

By R. Speight, M.A., M.Sc., F.G.S. 

[Read hejorp the Philosophical Institute of Canterbury, 1st June, 1910. \ 

1. Introductory. 

This paper deals witli the physiography of a part of Canterbury which is 
httle known even now. Although reference is made to its general physical 
features, those which depend on glaciation, both present and past, receive 
most attention. In presenting this account I have to acknowledge my 
indebtedness to Sir Julius von Haast on points so numerous that it is 
impossible to mention them in detail. I therefore take this opportunity 
to make a general acknowledgement of my debt, and also to express, as 
one who has followed in his footsteps, even if a long way after, my appre- 
ciation of the work which he did in this locality nearly fifty years ago. 
Considering that physiographical geology was almost unknown as such at 
the time when he visited the head-waters of the rivers referred to later, 
it is most surprising to find what a wonderful grasp he had of the principles 
which underlie that phase of geological study, and, even if he did not know 
processes and results by the names which are applied nowadays, he cer- 
tainly had a proper appreciation of their importance, and clearly recognized 
their operation in nature. 

I must also acknowledge my indebtedness in a nhnor degree to Captain 
Hutton and to S. H. Cox for their descriptions of portions of this area. 

My own conclusions are based on observations made during four 
separate journeys to various parts of the district. 

2. Mountain Systems. 

(«'.) Topography, 

(See map, p. 318.) 

The district dealt with in this paper lies at the head of the Ashburton 
and Rakaia Rivers, and forms part of the eastern slopes of the main range 
of the Southern Alps, in lat. 43° 20' south approximately. In this part of 
the range its average direction is north-east to south-west, but owing to 
extensive erosion by rivers and glaciers the valleys on either side dovetail 
into one another in a most remarkable manner, so that the actual crest 
is a very irregular line. The principal peaks, taking them in order from 
Whitcombe Pass to the head of the Rangitata River, are the following : 
Louper Peak (8,165 ft,), Mount Whitcombe (8,656 ft.), Blair Peak (8,185 ft.), 
Malcolm Peak (8,236 ft.), and Mount Tyndall (8,282 ft.). Running east 
from the main range, and forming the main divide between the upper 
valleys of the Rangitata and the Rakaia, is an elevated ridge connect- 
ing the Arrowsmith Range with the central mountain system. This 
ridge is ever}’where over 5,000 ft, in height, and has several prominent 
peaks on it, notably Mount Groethe (over 6,000 ft.) and Mount Murray 
(7,065 ft.). The Arrowsmith Range stretches in a north-east to south-west 
direction, generally parallel to the Southern Alps, and rises to a height of 
9,171 ft. in Mount Arrowsmith itself, with numerous minor points about 
8,000 ft. Mount Arrowsmith is thus higher than any peak in the vicinity, 
and, indeed, is higher than any peak on the main divide behind it with the 
exception of those in the Mount Cook group. The same peculiarity in the 
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position of the highest peaks with regard to the mountain axis of the vSouth 
Island is to be observed further south, where Moxmt d’Archiac (9,279 ft.) 
iu the Two Thumb Kange, Malte Brun in the Maltebrun Kange, and Mount 
Cook itself lie to the east of the main watershed, and excel in elevation 
the neighbouring peaks on it. The crest of the range also lies far to the 
east of the structural or te(*toiiic axis of the Island, which no doubt follows 
up through the schistose belt between the sea and the present main range 
about twenty miles from the west coast. This suggests that the present 
configuration has been the result of excessive erosion acting for a long 



period of time on the western wing of the geanticline of which the range 
has been built, far more profoundly than it has *icted on the eastern wing. 

(6.) Rvlaiutn 1o Rninjall and Conditiom of Erosion. 

The mountains in this locality he right across the direction of the 
prevailing westerly winds of this latitude, and the bulk of the moisture is 
intercepted on their western slopes. The conditions arc exactly the same 
as these further north at Otira, which, according to the records of the 
meteorological station recently established, has a yearly rainfall of a little 
over 200 in., while at Bealey, about twelve miles away in a straight line, it 
is only 100 in. Although no statistics are available for the Bakaia region, 
the effect is clearly visible in the character of the plant covering, which 
changes from the rain forest of Westland to the markedly xerophytic 
tussock steppe of the region to the east of Mount Arrowsmith. Inter- 
mediately there is the totara forest of the Upper Bakaia, which has followed 
the rain just across the main divide from the montane rain forest containing 
totara on the higher hill country of Westland. 
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These different conditions of rainfall have probably lasted for a very 
long time, and their effect is evidenced by the lower elevations to the west, 
where the subaeiial denudation has been excessive, owing to the heavy 
rains causing frequent floods and the great amount of snow forming large 
and powerful glaciers. There is evidence fioni other parts of the Alps that 
the dominant western erosion has resulted in the capture by the westeni 
streams of the upper tributaiies of some of the rivers of the eastern 
watershed. It is only in some sucli wav that th(‘ foimation of Aithur’s 
Pass can be explamed. This action js likely to continue when the marked 
difference in the height of the floois of the eastern and western valleys is 
considered — for example, the floor of the Bealey Talley near the tunnel- 
entrance is at an altitude of 2.435 ft., while the western end, at Otua, five 
miles and a quarter distant, is only 1,583 ft. — that is, it is 852 ft. lower. 
The same is generallv tiut foi the other valleys of that part of the Southern 
Alps, a feature well brought out by Mr. Edward Dobson’s original smweys 
for a load across the range. This lemaikabh^ physical pecuharity can be 
most easdy explained by the great ei efticiency of eroding agents on the 
western side of the range. The heads of the valleys have been sapped back 
by glaciers, and the valleys have been deepened by ice and water action 
so that thev have been able to (Uicroach on their eastern neighbours ; and 
the marked overlapping of adjacent streams on either side of the crest of 
the range intensifies this effect when capture of even one small tributary 
hris taken place. The more rapid erosion on the west will lower the range 
progressively from that direction, so that the eastern region will become 
of relatively higher relief, and in future geological time Mount Hutt and 
Motmt Torlesse, on the eastern border of the mountainous country, will, 
if similar meteorological conditions continue, become its hiahest elevations. 

(c.) Preseyit Form of Mountain Eeyton — a Dissected Peneplain, 

The rocks of which the area is composed consist of grewackes, slates, 
and mudstones of Lower Mesozoic age, which have been folded subse- 
quently by mountain-building movements into folds whose general axes 
run in a N.N.E.-S.B.W. direction. Local variations appear to be frequent, 
so that <it times th(» direction is almost E.-W., and again become N.W.- 
y.E. This variation is apparently due to change in the direction of the 
thrusts by whidi the area was folded. The date of the folding is probably 
Upper Jiuassit , but it may have been Upper Ci‘etaceous. A feature of the 
mountainous region which has thus been produced is the approximately 
uniform height of the great majority of peaks. A very large number of 
these are between 6,800 ft. and 8,200 ft. in height, vith very few above 
or below these limits except in the Mount Cook region. This suggests that 
the whole area has been reduced to a level platform either by marine denu- 
dation or, more probably, has been base-levelled by a former stream system, 
and a few peaks, like Mount Arrowsmith, which dominate the rest are 
the residual elevations on the peneplain. The higher mountains which no 
doubt once existed further west, and have been removed by erosive agents, 
would represent the higher mountains on this peneplain. It is possible, 
however, that the present prominent elevations are the remains of an old 
divide which existed on it, and from which streams once flowed east and 
west. 

In advancing this theory for the present form of the mountain region 
of Canterbury, I am quite aware that this is contrary to the geneiuUy 
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accepted opinion that in their piesent form the Southern Alps ai e a mountain - 
range of the alpine type. Thev were undoubtedlv at one time such d 
range, though one in which the folding was not acute, being some- 
what of the natuie of a series of isoclinals; but thev have been bas(*- 
levelled subsequently, and then laiscd and partially dissected. Dissection 
has not i cached a moderatelv advanced stage, and a residual divide is 
still in existence. This is crossed by numeious passes, the lowest of 
which 13 Haast's Pass (1,716 ft. high). Such lo\v passes are extremeh 
unlikely to occur ui a range of the alpine type unless it has suffered 
denudation for a long period of time In this connection compare the 
Southern Alps mth the European Alps, the Himalayas, or the Andes 
The Canteibuiy peneplain formed from the original range of the alpine 
type was no doubt continuous w'ith that of Otago, which, according to 
Professor Park*^ and Dr. Marshall, t has been traced with certainty as far 
north as the Waitaki Eiver, with a general ascending slope from soutli to 
north. It is extremely unlikely that it broke oft suddenly at the north erlv 
boundary of the province, and it must have continued further north towards 
Mount Cook and the head of the Godley River. From an area of high land 
in that neighbourhood, or from a ridge continuing north and south from 
it, the present principal lines of drainage proceeded outward, and this mav 
explain the remarkable orientation of the valleys of the Canterbury nvers 
noted by E. Dobson, who pointed out that the main valleys all appear to 
radiate from a point in the Tasman Sea about twenty miles west of Hold- 
tika. McKay has suggested that the arrangement is due to a series of 
radiating faults, the lines of which are usually followed by the valleys. 
Of this there is not the slightest direct evidence available at present, 
the suggested explanation not being founded on obseiwation, but is pro- 
bably in sympathy with a somewhat mistaken tendency at the present to 
attribute a large proportion of landscape forms to crustal movements with- 
out positive evidence of these movements being brought forward. In this 
case it seems more reasonable to attribute the undoubted arrangement of 
the valleys to the shape of the original land-surface on which the drain- 
age was established. 

The peneplain explanation of the uniformity of the mountain-tops 
apparently fits the case best, although there is one consideration which 
must not be lost sight of — viz., the tendency of all mountain-summits in an 
area subject to similar conditions to approximate to a general even height. 
The dominant erosive agent on ’the momita in -slopes of this region is frost. 
Under the influence of its powerful action they are covered with immense 
quantities of moving debris which has been riven from the solid rocks. 
The pointed masses which form the highest peaks are just tliose which 
respond most readily to it. Owing to the more rapid weathering of the 
highest elevations they are gradually reduced to the level of the lower 
ones, and when the rocky eminences which crown them are destroyed 
the summits take on a more or less dome-shaped form owing to the accumu- 
lation of vast amounts of debris, which is formed faster than it can be 
removed by transporting agents. Although these are very active on the 
flanks of the mountains, they are somewhat sluggish on the tops, and 
become more and more so as weathering proceeds. This coating of d&yris 
acsts as a protection, retards degradation of the mountains which have had 
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their prominent peaks lemoved, and thus promotes the gradual approxi- 
mation in height. This action becomes increasingly effective as the hills 
become lower. 

Tins phoiiomonon is noticed in all denuded mountain legions, but it is 
also in evidence in Canterbmy, w'here the results of denudation have not 
leached such an advanced stage. If the old surface of the Canterbury 
plateau had been a peneplain, a generally unitorm height of the principal 
elevations would follow’, because those which stood out on it above the 
average level w’ould be lapidly reduced to the mean height by the processes 
described above. 

This rough plateau or peneplain has passed thioi^h a second cycle of 
erosion, and the drainage established on it appears to have reached a mature 
snge at the piesent time- 


3 . Dbaixa(4E Sysiems. 

(*(,) liela^'on to the Sftvctuie of the Oountiif, 

Mount ab.*rowsmith is at present the most strongly marked physical 
feature of the Upper Rakdia and Ashburton district. Its great mass 
dominates the w’hole area. From its south-eastern face flow the main 
Ashbmton River, and the Cameron River, an important tributary of the 
Eakaia : at the back of it rises the Lawrence ; while it is flanked on the 
north by the valley of the Rakaia, to w’^hich it contributes numerous small 
streams. The mountain is therefore the meeting-place of the drainage- 
basins ot the three important rivers of central Canterbury — ^the Rakaia, 
Ashburton, and Rangitata. It must not be assumed that this has always 
been the case, as the directions of the river-valleys were determined at a 
somewhat remote date bv considerations quite independent of the present 
surface configuration. 

Its first lines seem to have been across the strike of the beds, and this 
accounts for the general parallelism of the course of the main rivers both 
inside and immediately outside the area under consideration. The principal 
valleys — ^viz., those of the Rangitata, the Ashburton, and the Rakaia — are 
controlled by this factor. The secondary drainage established itself in the 
direction of the strike, but modificationo ensued as the primary streams 
cut deep down into the beds of the aiea, a characteristic modification 
lieing that the lateial valleys trend slightly down-stream, and thus cut 
across the strike at a small angle. 

The ternary hues of drainage appear to have reverted to the primary 
direction, and are seen in the Upper Ashburton and the Cameron River, 
]>ul the disturbing offe< ts of glaciation have been so marked that it is unsafe 
to come to any definite conclusion in the matter. Even now, however, the 
presence of weak beds dipping at high angles undoubtedly promotes the 
formation of small tributary streams and of low saddles along the strike. 

This arrangement of the stream system I have attributed solely to the 
normal development of drainage in a region composed of folded rocks where 
the direction of strike is fairly constant. I am quite aware that it is also pos- 
sible to attribute the arrangement to lines of faulting ; but until these faults 
can be proved on stronger evidence than the occurrence of crushed and 
shiittered bands of rock associated with steep slopes in an area where all 
the rocks are more or less crushed owing to folding while the mountains 
were being formed, I cannot accept the theory as sound, although subse- 
quent more detailed w'ork may showr it to be so 
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(h.) The Bakaia Valley, 

The largest river of the district is the Rakaia, winch takes its origm in 
the Lycll and Ramsay Glaciers, on the eastern side of the main divide, and 
runs first easterly for twenty miles and then turns south-east. It receives 
on its north bank numerous streams which rise in small olaciers on the 
main range and run in a southerly diiertion in parallel valleys till they 
meet the Rakaia. Fiu'ther down, beyond the limits of the area under con- 
sideration, it receives two important branches — ^the Mathias and the Wilber- 
force. On the south bank several fair-sized streams rise in glaciers on the 
slopes of Mount Murray, but the main tributary is the Lake Stream This 
is fonned from the overflow waters of Lake Heron — Whence its name — but 
its chief supply comes from the Cameron River This uses in the Cameron 
Glacier, on the south-east face of Mount Aiiowsmith, runs in a south-easterly 
direction for about twelve miles, and forms an extensive fan on the north- 
west side of the lake. At this part of its course it changes its regular 
channel fi*equcntly, running into the lake at times, but at present it joins 
the Lake Stream about two miles below its outlet from the lake. This 
body of water receives several streams on its eastern side, the largest being 
the Swin. The Lake Stream runs between north and north-east and has 
a very slight fall for several miles, but then it becomes swifter and ma k<^s a 
descent of 200 ft. before joining the Rakaia. 

The Rakaia River and most of its tributaries are overcharged wnh 
detiitus, and have filled up to a fairlv miiform surface the floor of the 
glacial trough through wdiich they 3*un (Plate III. fig. 1). The width of the 
flood-plane is about two miles, and on this the river forms many diverging 
and anastomozing branches, in the way so characteristic of streams Men 
with waste. In winter it is frequently dry, owing to the freezing of the water 
at its sources : but in spring and summer it becomes a large river, and often 
impossible to cross on horseback, although the splitting-up into different 
streams rendei*s it somewhat more easy to negotiate. Near the head the 
valley narrows somewhat, and there the river runs in a soHd body of 
water capable of rolling down stones a ton in weight. In this part of its 
course no terraces are formed except those of temporary nature, but these 
last long enough at times to allow’- of their being covered with grass and 
sc’nib ; still, they are liable to rapid destruction if the 3‘iver in the course 
of its wanderings impinges for long against their imconsolidated edges 
(Plate III, fig. I). 

(c.) The Lake Heron Valley: its Features and Origin, 

(See map, p. 318.) 

The valley through which the Lake Stream runs is a very striking 
physical feature of the district. It is continued in a south-easterly direction 
for nearly thirty miles, and extends across the Ashburton River as far as 
the Rangitata. It intersects these streams nearly at right angles, and bears 
little relation to the present principal lines of drainage. It severs the eastern 
mountainous district of middle Canterbury from the main range of the 
Southern Alps, and well merits some distinctive name. Haast called a 
part of it the Upper Ashburton Plains ; but this name will hardly apply to 
the whole extended valley. I shall refer to it in this paper as the Lake 
Heron Valley, as that name has been used repeatedly by the recent Com- 
mission which examined the Canterbiuy runs for the purpose of closer settle- 
ment. At the upper end of the valley, about five miles from the Rakaia, 
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it is partially blocked by Shaggy Hill, the remains of a ridge which in all 
probabihty formed part of the original divide, but which has been cut 
through by glacier and stream action. The floor of the valley is here about 
a third of a mile in vddth, but it immediately \vudens out with a broad 
flat section which reaches a maximum of about six miles in the neighbour- 
hood of Lake Heron. About five miles further on it contracts somewhat, 
but IS still four miles in width, and continues so till it reaches Hakaterc 
Station, at the upper end of the Ashburton Gorge. Immense morainic 
accumulations are found here covering the whole floor and extending up 
a tributary valley coming in from the north-west and the direction of the 
Upper Eangitata, which now contains no stieam at all commensurate with 
its size, but which was an outlet for the excess of ice in the Upper Eangitata 
basin. It is probable that this valley marks the original course of the Potts 
Eiver before it was deflected through a low saddle which was cut down 
on its western side by an overflow from the Eangitata Glacier, an eflect 
which was intensified by the overdeepening of the bed of the Eangitata 
itself by its own powerful ice-stieam. From the jmiction of this tributary 
\nth the Lake Heron Valley an extension of the latter goes towards the 
Lower Eangitata through the Pudding Stone Valley, which is now de- 
serted by any stream commensurate with its great width and length. 
From this brief description of the Lake Heron Valley it will be readily 
inferred that the original drainage-lines are quite distinct from those exist- 
ing now. 

The principal stream belonging now to this valley is the South Ash- 
burton, which runs across it and not down it. This river rises in the Ash- 
burton Glacier, on the south-east side of Mount Axrowsmith, and flows in a 
characteristically ice-eroded valley for some distance, and then passes, 
by means of an extremely naiTow and almost impassable gorge, through 
elevated down country till it reaches the Lake Heron Valley. It crosses 
this in a wide river-bed without any distinct banks and with all the features 
of an aggrading stream, and afterwards penetrates the outer range of 
mountains by a somewhat open gorge, and emerges on to the plains near 
the Mount Somers Eailway-station. It is joined on the northern side, about 
half-way through the gorge, by the Stour, the upper part of whose basin 
was once invaded by the ice-sheet from the great inland valley across a well- 
defined saddle near the Clent Hills Station. The North Ashburton does 
not belong to the area, as it has not cut through the outer range into the 
Lake Heron basin ; its upper valley probably escaped the modifying in- 
fluence of ice experienced by the southern branch of the river. 

It seems fairly certain that in pre-glacier times the arrangement of the 
drainage-lines W'as as follow's : First, a small stream joined the Rakaia 
where the present Lake Stream comes in. This had no great size, being 
only about five or six miles in length. Then the present Cameron and 
all the drainage of the Lake Heron basin flowed down towards Hakatere, 
and also received the Ashburton and the stream that came from the direc- 
tion of the present Potts Eiver, the combined streams reaching the Rangi- 
tata through the Pudding Stone Valley. The lower Ashburton Gorge 
was not then cut completely through, and the river rose in the hills near 
Mount Possession. It is certain that the formation of this gorge is of later 
date than the formation of the Pudding Stone Valley, and it was no doubt 
opened out during the glacier maximum by the overflow of ice across a low 
saddle, which was then lowered by its erosive action and now forms the 
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course of the river. These remarkable alterations are eeitainly due to 
interference arising from the glaciers when at their maximum or when 
declining, and how this arose will be mentioned later. 

4. Lakes. 

Numerous small lakes and ponds lie in the hollows formed ])y the 
morainic accumulations hetween the Potts River and Hakatere. The two 
largest of these are Lake Acklaiid (locally known as Lake Emma), at the 
head of Ihe Pudding Stone Valley, and Lake Tripp (known as Clearwater), 
which lies near the Potts River. The latter is about two miles in length by 
about one in breadth. There is a smaller one, called Lake Howard, situated 
between the two. All of these lakes drain to the Ashburton. To the north 
of the Ashburton River, near Hakatere Station, are two shallow ponds 
known as the Maori Lakes, whose water is held back by a barrier of detritus 
deposited by the aggrading Ashburton River as it crosses the great trans- 
verse Lake Heron Valley. 

(fi.) Lake lie) on : its General Features: with S]^ecial Reference to the Spits 
now formiru/ on its Shores and to the Action ot Shore Ice. 

(Plate III, fit*. 2.) 

The largest body of water in the district, and the highest lake in Canter- 
bmy, is Lake Heron, which is at an elevation of 2,267 ft. above sea-level, 
and is situated on the very highest portion of the floor of the transveise 
valley. It has a most remaikable shape, as it almost eiKircles an isolated 
conical hill called the Sugarloaf, which rises to a height of 4.054 ft. The 
western part of the lake has a length from noith to south of about five miles, 
and the southern portion a length from east to west of about four miles. 
Its actual breadth varies from about two miles down to very small dimen- 
sions where its two encircling arms stretch as narrow creeks behind the 
Sugarloaf on its north and east. The largest expanse of open water is near 
the south end. It is rather a shallow lake, but deep alongside the central 
hill, which carries down its precipitous slopes far below water-level. The 
shores are fringed in many places with marsh, and are usually without 
marked features *, but my attention has been drawn to two shingle spits 
which are found near the south-western corner of the lake (Plate III, fig. 2). 
These sprts arc evidently the result of wave-action, without the interference 
of currents, usually considered to be the principal cause of the formation 
of such features. In this case they are so placed that it seems mipo&sible 
that currents can have any part in their formation. They occur in a small 
lake at the end opposite to its outlet, and right at its very extremity. The 
most powerful wind on the lake is the north-wester, which sweeps down it 
from the direction of the Rakaia, and sometimes raises waves of such a 
size as to threaten danger to an ordinary boat. These seem to be the 
prime factor in the formation of the spits. Starting from a small projection 
of the shore, the larger spit stretches across a small bay for about 100 yards, 
and includes a patch of water as in a natural breakwater. The smaller 
spit is formed under somewhat similar conditions. AVhen the waves are 
seen coming down the lake they move faster in the deeper water off shore, 
and gradually swing round where they meet the friction of the shelving 
bottom. The swing is prolonged till on breaking they axe parallel to the 
margin of the spit ; in other words, the edge of the spit is the tangent to the 
front of each wave as it breaks. There must, therefore, he some intimate 
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mathematical relation between the form of the spit and the circumstances 
determining the -wave-motion in the lake, and an examination of the spit 
as they occur strongly suggests that their shape is a well-defined geometrical 
curve. In the initial stages of the formation of the spits it is probable that 
they are largely built up by a feeble shore-cun’ent due to -wave-action, but 
directly a small spit is formed the waves would be almost entirely responsible 
for its prolongation. Both of these spits end in a rounded nose, whose 
position is determined by the amount of retardation of the wave in the 
shallow water. The wave will tend to swing round completely, so that 
it actually reverses its direction, and this will maintain a blunt-nosed spit 
in a fixed position as long as the conditions of the bottom of the lake in the 
vicinity are the same. If the floor of the lake keeps on shallo-wing off the 
spit so that it makes the depth of the lake more uniform, then the wave will 
noi swina so quicklv, and the spit will thus he lengthened (see fig. 2). The 
pci iiliarity of these spits (‘an thus ]>e put down ahsolntelv to wave-action, in 

contradistinction to those formed on 
the sea-coast, vhich are attributed 
largely to littoral currents. It is evi- 
dent, however, that wave-action alone 
can form spits, and this must be a 
contributory cause in a large propor- 
tion of marine spits. 

Hooked spits ki lakes are specially 
referred to by G. K. Gilbert in his 
paper on the Topographic Features 
of Lake-shores (5th Annual Report, 
United States Geological Survey), hut 
he ascribes them principally to the 
action of the littoral currents ; in 
Lake Heron, however, these appear 
to play an insignificant part in their 
formation. 

Lake Heron is at such an eleva- 
tion above the sea that every winter 
it is heavily coated with ice. In ordi- 
nary seasons there is a covering of as 
much as 9 in. in thickness, a remark- 
able feature for such a large lake in an 
insular climate like ours in a latitude 
of only 43° S. The shores exhibit 
traces of the action of ice in the ridges of gravel which are pushed up by 
it as it expands after contraction in cold weather. If*e contracts as the 
temperature is lots ered, and in doing so draws away from the shore, leavhig 
a narrow lane of open water ; this freezes immediately, and when the tem- 
peratui’e rises the ice expands again and is forced up the beach. Ridges 
foimed m this way occur on Lake Heron, as well as on the smaller lakes 
Tripp and Acland. The stones composing the beaches are rounded on their 
edges and corners by the movement of the ice, and especially so when the 
ice breaks up in spring before an early north-wester. The floes are then 
piled in heaps on the exposed shore of the lake, and the wind keeps on 
dri-mig others forward, which occasionally shoot up on the inclined planes 
formed by the masses underneath, so that they are can*ied as much as a 
•chain from the edge of the hike, scoring the ground and ploughing it into 
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furrows. This is especially well seen on the south shoie of Lake Heron, 
where the full foice ot the northerly wind is felt and the beach is shelving 
and low. 

5. Pbesent Ctlac’iers. 

The existing, i»liciei's of the aiea are divided into two groups — (1) those 
('oming from Mount Arrow^smith and its unmediato neighbouring heights : 
(2) those wliicii belong to the main Rakaia Valley. The principal glaciers 
ot the first group are those at the head of the Cameron and Ashbuiton 
Eivei-s. Several other small ones occur*, notably those at the head of tlie 
Law'rence, on the western flanks of Mount Arrow’^smith. 

(cl) Cameron and Ashburton Glade) s. 

The former glacier occupies about two miles of the upper part of the 
Cameron Valley. It is a small glacier of the first order, and is fed from 
tributaries coming from the south-eastern slopes of Mount Arro'wsmith and 
its extension to the north. The lower part is covered with debris, and 
shows undoubted signs of iccont retreat. At the present time it is almost 
impossible to tell the actual position of the terminal face, owing to its 
extreme tliinness and the mantle of debrts which passes insensibly from 
actual moraine to the apron of detritus before the glacier. This retreat is 
also evidenced by the presence of old lateral moraines l}dng parallel to the 
valley-sides fai above the present level of the ice, and extending down the 
valley for some distance beyond the present termination. There is also 
there a well-maiked terminal moraine about lialf a mile from the present 
face. At various positions, besides, dotm the valley arc old terminals pass- 
ing into laterals, and partially blocking the stream in several places, which 
marked in former times undoubted halting-stages in the retreat of the ice. 

A special feature of the valley is the wide basin which forms its head, 
a basin evidently expanded by the sapping-back of the containing-walls 
in all directions by the ice which partially filled it. This case certainly 
suggests that corrie glacieis and glaciers which are closely related to them 
in size have under some conditions the powder of widening their upj^er 
reaches at a faster rate than the streams which issue fi*om them can widen 
that part of the valley where they flow . There is no suggestion furnish i*d 
by this locality that such glaciers act as protecting agents. 

The Ashbuiton Glacier lies to the -west of the Cameron in a paraihd 
valley, and exhibits features very similar to those of its neighbour. It is 
not as large as the Oameroii,and hardly reaches the floor of the valley before 
it melts ; but it is very beautitul, and shows strilcing crevasses and i<'e- 
piunacles, and a fine ice-fall at its head, depending from the slopes of 
^UTOwsmith. All down the valley in its front are the remnants of old 
lateral and terminal moraines in positions where they have escaped destruc- 
tion by the river, and marking halting-stages in the general retreat of the 
ice. Immediately in front of the present face lies an immense accumu- 
lation of angular debris belonging to a former period, and there is evidence 
that the glacier has been dwindling within very recent times, though, 
judging from the present form of the ice-face and also from the fact that 
in one or tw'o places it is crow^ding on to the old moraine, a temporary 
advance is now taking place. 

The valley through which the Ashburton River flows is at first broad 
and flat-bottomed, but about twelve miles fr*om its commencement it 
suddeirly contracts, and the river passes through a deep, narr'ow' gorge, of 
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recent origin, cut for about three miles through a solid rock barrier, the 
height of the lip above the floor of the basin on its up-stream side being 
over 200 ft. It is extremely likely that a lake once occupied this basin, 
which has been drained by the river cutting down its bed thi’ough the solid 
obstruction. It seems impossible to explain the peculiar relation of basin 
and barrier on any other assumption than that lart-e valley glaciers have 
under certain circumstances great powers of basal excavation. No locality 
that I am acquainted ^vith shows this better. 

Immediately outside this ice-eroded basin the moderately elevated 
country has been dissected and the drainage - directions changed, largely 
as the result of glacier erosion ; but I have not examined the country in 
sufficient detail to speak definitelv on the matter, though I feel certain 
that it will furnish veiy interesting material bearing on the much-discussed 
^jnestion of the efficiency of glaciers as erosive agents. 

(6.) Bala in Glaciers, 

The glaciers of the main Eakaia basin are (1) those on the flank of 
Mount Murrav, (2) those at the head of the river, and (3) those on the 
north side in the svstem of valleys which rise in the main divide and nm 
towards the south-west. 



On the north side of Mount Murray there are small cliff glaciers heading 
a stream known as the Little Washboume, which joins the Eakaia about 
five miles above the outlet of the Lake Stream. Another glacier, of slightly 
larger size, heads a ravine on the north-west of Mount Gould, and ahnost 
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exactly opposite \Vlutcoin])o Pass. But By far the most important are tlie 
glaciers at tlie actual head of the JRalcaia. from which the river derives a 
great part of its water. Tlio furthest west of rhese is the Lyell Glacier. 

(i.) Lyell (-llacier. 

(^oc fig. Ji, and PUte IV, fii*. 1.) 

The Lyell Glacier was discovered by Lr. vou Ffaast iu the year I8b2. 
He saw it from Meiji’s Knob, but did not actually visit it, although he must 
have sent on some one to take an aneroid reading of the height of the 
terminal face. hir. G. J. Roberts, the late Chief Purveyor for Westland, 
crossed the end of it when he made his survey of the Ramsay Glacier and 
its neighbourhood, but he does not seem to have done more. It is thus an 
unknown glacier, aJthougii witliin a reasonable distance of settled parts of 
(Canterbury. The present writer, A\ith two students, made an exploration 
of it in December last, and the following facts about it are the result of 
observations made on that occasion. 

The Lyell Glacier extends from Mount Tyndall* in an easterly direction 
for nearly five milos till it reaches to within a mile and a half of Mein’s Knob, 
the bluff which fronts the Ramsay Glacier on the south side of the Rakaia 
River. It is bounded on the south by Moimt Goethe, and on the north 
by the main range of the Southern Alps, and then by a spur L’om that 
range stretching m an easterly direction towards Mount Kinkcl. The 
floor of the valley is a little over a half a mile wide on the average ; it is 
wider than lo\ver down, immediately belw'cen iMoiui^ Kinkel and Mein’s 
Knob, where the valley takes a tu3*Ji to the north tow^ards the Ramsay 
Glacier, In foimer times the Lyell Glacier ovciTode the end of the spur 
w^here Mein’s Knob now is, ajid truncated it paiiially, leaving the knob 
with the characteristic shape produced by this mode of glacier erosioji, 
Jim’s Knob, on the opposite side of the river, has been formed in the same 
way by the Ramsay Glacier. The river which issues from the present 
Lyell Glacier may well be called the Lyell River, the name Rakaia ” 
being given to the stream formed by the junction of the Lyell with the 
twin stream from the Ramsay, the present confluence being between Mein’s 
Knob and Jim’s Knob. The two streams from tlie Ramsay and the Lyell 
appear to be of about equal size. 

The Lyell River issu<*d at the time of our visit from near Ihe north side 
of the terminal face. large body of tvatcr came fi‘om an ice-i'ave near 
the middle, ran by a tuuiiel under the ice in a northerly direction, and 
added considerably to tlie volume of the main stream. B(‘liiiid the ict»- 
cave the cliffs rose to a height of 60 ft. A small creek coming from the east 
side of Mount ttoethe entei's the valley on its south side immediately below 
the end of tlie glacier. This marks roughly the present position of the fa(‘e. 
The floor of the valley is kept fairly clear of morainic accumulations by 
the transporting action of the powerful stream issuing from the glacier. 
About a half a mile down a high moimd still remains which belong(*d 
to a former lateral moraine ; but even this shows signs of being vapidly 
removed by the river. It is hard to tell from the present form of the ter- 
minal face whether the glacier is retreating at the present time, but the 
soutbeni side shows signs of a collapse, which suggests that this is the case. 

* This L not Mount Tyndall of the Westland bur\ey, but the peak called by 
Haast when exploring the Upper Rakaia Valley. The name ha^. Leon retained in 
this paper, although it must certainh be reiilactd by another at an early date. 
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The teriuinal face is easily cliinhed by means of the Dioraines, and for some 
distance up — nearly half a mile — the whole surface of the ice is completely 
])iiiied ; after that the lines of moraines fi’om p,Iaciers are separate and 
better defined. 

Mount Goethe, which flanks the glacier on the southern side, is a moun- 
tain of (‘onsiderable bulk, hut ^ntliout'a distinct peak forming its summit. 
Wmall perched glaciers occui- on it, j^articularly on tlie side of a small valley 
joining the main one about three-quarters of a mile from the end of the 
glacier ; but no glacier johis the main stream at the valley-level, except 
a small one near the head. Although Mount Goethe is high enough to 
nourish fair-sized glaciers, the high range to the west precipitates the vapour 
and the Avind reaches the other side of the Lyell Valley in a comparatively 
dry condition. The heavy precipitation causers the noith side of the valley, 
which is also the shady side, to be thickly covered with snow and ice. 
About half a mile above the terminal face a small hanging glacier comes 
down fi’om the slope of Mount Kinkol, and a little further on a very fine 
tributary comes in from beliind Mount Kinkel and extends back to a snow 
saddle evidently leading on to the St. James Glacier, a tributary of the 
Eanisay. On its western side are some veiy fine ice-cliffs, and the lower 
parr is crossed by liumeroiis crevasses and is very duty, while jErom the 
upper side a weli-defined medial moraine takes its origin. This glacier I 
have called the Cockaime Glacier, after D]’. L. Cockapic, who has done so 
much work on our alpine vegetation. 

About a mile further on anotlier fine tributary comes in from the north 
side, and I have called it the Heim Glacier, after the well-known Swiss 
glaciologist, in order to be in keeping with the scheme of nomenclature 
which Haast followed with regard to names in the locality. It rises in a 
large snovdield, apparently fairly level, lying between Malcolm Peak in the 
west, Blair Peak on the north, and an unnamed peak on the east. The 
ice issues from the amphitheatre, and joins the main glacier by a very fine 
fall. From the western side a well-marked moraine stretches down the 
middle of the Lyell Glacier. Malcolm Peak is a fine pointed moimtain 
heavily c-overed with ice, and with a beautiful banging glacier dropping 
down fi'om behind a small dome immediately to the south of the main 
peak. At this point the floor of the valley is very flat, with the ice slightly 
crevassed, but it then extends on a generally rising slope right to the 
base of Momit T>mdall, about three-quartei*8 of a mile further on. 
This is a fine momitain, strongly reminiscent of the shape of the Matter- 
horn. It culminates in a rocky peak, with a snow-covered saddle on 
either side. According to hb*. Earle, who recently visited the locality 
from the Rangitata and made impoii;ant topographical discoveries, the 
western saddle leads to the AVauganui River, flowing to the west coast, 
while the eastern one leads to the Clyde, one of the main head-waters of 
the Rangitata. The height of these sadies probably exceeds 6,000 ft., as 
the floor of the valley at the base of Mount Tyndall reaches 5,000 ft. as 
measured by aneroid. The amphitheatre which forms the head of the 
Lyell Glacier is very fine, with Mount Tyndall forming its actual head and 
Mount Goethe and Malcolm Peak its southern and northern flanks. The 
length of the glacier camiot exceed five miles at the outside, judging the 
distance roughly, and considering that our return journey from the base 
of Mount T^^mdall to the teminal face was made in an hour and a half. 

This estimate certainly necessitates an alteration in the position of 
ilount Goethe on the most recent official map, since it is put too far to the 
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south-A^ est. Tlie mouulaiii called Tyndall bv Haas+, and pictured in bis 
leport on the Eakaia, is not tbc same Mount Tjuidall to which he gave the 
name from the valley of the Rangitata, nor yet again fiom the Godley. Tt 
is also probable that the Mount Tyndall of the excellent Westland survey is 
none ot the mountains to which Haast gave the name. This is somewhi‘t 
unfoitiuiate, and appears to result from the mistake made originally l»y 
Haast, who thought that he saw the same peak from each ol these three 
great valleys. Mr. Earle has recently pointed out that the mountain called 
Tyndall ” by Haast when ho explored the Eakaia is probably a peak not 
really marked on the maps, but one to which a nev^ name should be assigned. 
Dr. Teichelmann has still more recently confirmed this observation in a 
letter to the author, and says that this peak is called variously McCo}’' Peak 
and Mount Nicholson, and that it is not on the main divide, but lies to th(^ 
east of it. 

The Lyell Glacier presents no features of special importance. Its surface 
is fairly smooth and little crevassecl, the roughest portion being that near 
the coniiueiice of the Cockayne Glacier and its disturbing infiuence. The 
lower portion is covered v ith moraine, which comes principally from those 
mountains not covered with ice and per’pctual snow, but from those specially 
subject to the action of frost. This weathering-agenr attacks the exposed 
surfaces of the rocks by means of their fi*equent joints and bedding-planes, 
and produces in this region a parficnlarly large amount of angular material, 
which is poui'od on to the surface of the glaciers by numerous shmgle- 
slips.” Although the Lyell has a thick covering ni many places, its moraine 
is small as compared with that of its near neighhoiu, the E«nnsay. 

(ii.) Eamsay Glacier. 

(Plate IV, hg. 2.) 

This glacier takes its origin in the snowfieid on the west side of Louper 
Peak, between it and Mount White onibe. It stretches for six miles in a 
S.S.W. direction between Mounts Eamsay and Kinkel on the west and the 
Butler Eango on the east, and maintains a direction parallel to that of the 
valleys on the north of the Eakaia. It receives from the west two imporfant 
tributaries — (i) the Clarke Glacier, which rises between Mount Westland 
and Mount 'hit combe, and r*uns iu a norf h-w estcrly direction to a low 
saddle leading to the Upper 'V\’’anganui Eiver on the westein side of the 
range ; and (ii) the St, James Glacier, \vhicli rises between Mounts Kiiike^ 
and Eamsay. Although the upper portions «are comparatively free fr'on> 
debris^ the lower three miles is more covered with moraine than any glacier 
with w^hich I am acquainted. Even the Mueller and Tasman fail to come 
up to the Eamsay in respecr lo the size of the blocks and the completeness 
of the covering. Not only is there an abnormal amount ol small materiak 
but angular masses of the size of cottages occur piled together in disorderly 
heaps. Most of this comes from the precipitous laces of Mounts Eamsay 
and Wliitcombe, which are so steep that little snow can cling to their bare 
crags, and are therefore rapidly broken up by the action of frost. The 
amount of material w^hich comes from the Butler Eange on the east is of 
comparatively little importance. 

On the east side or the terminal face the Eamsay branch of the Eakaia 
rises from an ice-cave, but water certainly soaks through fi*om all the face 
between Mein’s Knob and Jim’s Knob, The glacier is hero just over hall 
a mile wide. 
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Tliere are clear signs of tiie decrease in size of the glacier, as abandoned 
lateral moraines marking old rce-levels occur in places along the valley- 
avails, and it is extremely probable that at a comparatively recent date rt 
stretched right across the Lyell River till it impinged on the lower slopes 
of Mein’s &iob. This river would then take a course through a tunnel 
partly under the ice and partly under the edge of the knob. A large part 
of this has at a fairly recent time slipped away from the face of the bluff 
and left a narrow chasm which affords a path round the shoulder of the 
knob, overlooking the river. 

(c.) Absence of Tominal Moraines from Present Glaciers. 

The glaciers of this region, Irke the great ma]ority of those in New 
Zealand, are not forming any well-marked terminal moraines. Neither 
tlie Fox or the Franz Josel on the west coast nor the Tasman or Mueller 
on the east have any sign of a terminal moraine ; those formed by the 
Mueller are really lateral moraines formred by a glacier crossing a valley. 
In all the cases that I have observed the debris which reaches the terminal 
fcice is removed by the transpor*ting agency of powerful streams. The 
Lvell Glacier has no true terminal moraine, and, although the Ramsay 
lacier is heavily laden A\dth waste fiom the neighbouring hills, there is no 
accumulation in the foim ol iiuegular heaps or a barrier at its end ; in fact, 
there is no sign of such a moraine in the Rakaia Valley till the plains are 
j'eached. The Cameron Glacier is not forming a terminal moraine at pre- 
sent, although a very well-marked one lies some 800 yards away from the 
present face. In the Eangitata Valley an exceptionally distinct one occurs 
tibout five miles from the terminal of the glaciers. These moraines were 
formed when the glacier reached further down the valleys than now, but 
tlierc must have been some difference in the then conditions which pro- 
moted the accumulation of debris across a valley, when no such accumula- 
tions are forming now. The actual circumstances under which terminal 
moraines are formed seem somewh«at obscure. They are taken for granted 
as a feature of every glacier, but such is not the case. \Yky is it that the 
Fox and Franz Josef have formed huge terminal moraines some distance away 
fi om the ice, a little further down the valley, and are not forming any now ? 
If the Ramsay Glacier, heavily encumbered as it is, were to disappear, and 
the loads of waste that lies on it were to coat the surface of the ground, 
there would be no sign of the heaps which characterize true terminal moraines. 
The question must resolve itself into one of supply and demand. If the 
glacier furnishes material in such quantity that the river can remove it, 
then no moraine will form. If for any cause the supply becomes greater 
or the volume of the river less, then accumulations wrill take place. At the 
present time the material supplied to the Ramsay Glacier is excessive and 
a moraine should result, but no moraine is forming. On the Lyell the 
amount is not really great, and its front is swept quite clear. It may 
be that our rivers have such a steep bed that they are equal to removing 
even the fullest supply that the glaciers can furnish. But when the case 
of the two great West Coast glaciers is considered this explanation does 
not appear quite so satisfactory. In former times, when forming great 
moraines, they had the same steep slope as now. The same remark also 
applies to the Cameron. We must suppose, therefore, that a little time 
ago the conditions were such as promoted the formation of enormous sup- 
plies of waste. This may be explained by an increase in the height of the 
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mountains, due to an elevation of tlie land, rendering laiger areas subject 
to the action of hea\y frost, Avhich is the chief agent of denudation on moiui- 
tain areas. The same efiect may be produced by supposing the climate to 
have been slightly more rigorous than that existing at present. In a former 
paper on the Terrace -development in the Valleys of the Canterbury 
Eivers ” I have already noted as a deduction from the condition of shinale 
fans, and from peculiarities iu the form of the river-beds, that there has 
been a falling-oif in the supply of waste, and this observation on the moraines 
tends in the same direction. In the paper referred to, I attributed this 
falling-off to a lowering of the land, just as I attributed the severer glacia- 
tion to elevation of the land. My present opinion is by no means decided 
that this was the predominating cause. Elevation certainly occurred, and 
this would assist other causes tending in the same direction, such as a modi- 
fication of the climate. AVhether the retreat of the glaciers has been due 
to a lowering of the land or to an amelioration of the climate, the supply 
of waste has fallen off, as well as the supply of snow, which determines the 
existence of the glaciers. If the former falls off in a higher ratio, then there 
will be no moraines ; if, however, the waste increases in a higher ratio than 
that of the transporting-power of the streams resulting from the melting 
of the snow, moraines will certainly form. This will occur in general when 
there is a temporary advance of the ice due to climatic or other causes, 
just as failure to form moraines will occur during retreat. The frequent 
absence of moraines from the front of Pleistocene ice-sheets niay perhaps be 
explained by the amount of water formed at their terminals being in excess 
— ^probably much in excess — of that necessary to transport the relatively 
small amount of material which usually accumulates on the surface of the 
ice-sheet and beneath it. 


6. Former Giacia.tion. 

(<z.) General. 

It may be inferred from the statements made previously in this article 
that in former times the counti}" was subjected to a more severe glaciation. 
The proofs of the former extension of the ice are found on every hand. 
These may be summarized as follows : Old moraines, roches moutonnet\s^ 
striated surfaces, ice-shorn and ice-terraced slopes, valleys ^nth charac- 
teristic U section with truncated and semi-truneaxed spurs, and spui*s with 
triangular facets. A deposit of bouldcr-clay ^7ith large angular fragments 
is found at the Potts Eiver, where, according to Haast, there are the most 
characteristic suhglaciui deposits to be found in New Zealand. I do not 
know of any discovery recoided later which necessitates a revision of this 
statement. 

The limits of this glaciation to the eastward were in all probability not 
beyond the line of the foothills flanking the eastern mountains. Glaciers 
certainly came through the Ashburton Gorge down to the neighbourhood 
of the Mount Somers Township, since immediately behind it there is a 
terrace formed of washed material containing large angular blocks which 
look like those deposited in streams at the immediate front of a glacier. 
The smoothed and rounded hills in the locality are also suggestive of icc- 
action. But the occurrence of lateral moraines high up on the hills flanking 
the gorge on the south is conclusive proof of its presence, and shows that 
even in that part of the country there was very great thickness of ice at 
the m ax i m u m glaciation. On the northern side of Mount Hutt, glaciers 
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came through the Rakaia Gorge on to the plains near the Point Station. 
Haast says that they extended several miles on to the plains, but I am in- 
clined to think that the evidence lor this extreme extension is of a some- 
what doubtful character, and what he took for morainic accumulations 
are fluvio-glacial deposits such as are formed by the powerful streams 
issuing from the edge on an ice-sheet or glacier. In the neighbourhood of 
the Point Station there are very extensive areas covered with reassortod 
detritus arranged in irregular heaps of the Drumlin type, showing that 
the glaciei reached almost to that point, and so must have been over sixty 
miles in length. 

In the Eangitata ^^alley there are undoubted signs of glaciation where 
the river debouches on to the plains. 

Thus the valleys of the Rakaia and Rangitata were filled with exceed- 
inglv large glaciers of the ordinary type, but there is no indication that 
they approached even distantly to the character of an ice-sheet. In the 
Lake Heron Valley, wdth its flat floor and wide cross-section, and its 
relatively higher altitude, they possessed in certain respects a remote 
resemblance to an ice-sheet of very small dimensions. The area of land 
in this valley formerly covered with glaciers extended twenty miles in 
length by at least eight in breadth ; but it must be regarded as a great 
basin tilled principally with snow' and nede fields at the height of the 
glaciation rather than a true ice-sheet. 

( 6 .) Old Momuies, 

The chief morainic accumulations are those of the Hakatere and its 
tributary valleys. Here for over several square miles the floor is covered 
with irregular heaps of angular material forming the terminal moraines 
of ancient glaciers ; fairly extensive accumulations occm* at various points 
in the Cameron Valley and at its outlet, in the Upper Ashburton Valley, as well 
as on the north side of Lake Heron, on the slopes of the Sugarloaf, but these 
are insignificant when compared to the square miles of debris lying to the 
south of the lake, and forming the great dam which acts as the containing- 
w'all on that side. This great deposit stretches across the floor of the 
valley, and also extends dowm it for several miles towards the Clent fTills 
>Station and the Ashburton River, especially on the north-west side of the 
valley. At one place this has been cut through by a former river-channel 
w-hich drained the lake, and has left as proofe of its former existence high 
terraces on either side of its bed. In the floor of the great deserted channel 
a tiny stream meanders, an insignificant remnant of the great river which 
at one time flowed from the front of the glacier and for a time served as the 
means of discharge for the surplus w’ater of the greater Lake Heron. 

The next extensive deposit is that which stretches from Hakatere 
Station right through to the Potts River. For miles the floor of this stream- 
deserted valley is covered ^vith heaps of angular material. It forms a 
great barrier across the upper end of the Pudding Stone Valley and on the 
low saddles which lead to the small valleys behind Mount Possession Station. 
These were terminal moraines of the ice as it halted in its retreat from the 
eastern hills of the area. 

Apari; from these, the only moramic accumulations of any extent are 
those lateral moraines w'hich mark the high ice-level on the valley-sides. 
They arc common up the Rangitata and in the valley leading from Haka- 
tere to the Potts, and occasionally in other places. A frequent position is 
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rounding the shoulder oi a spur, or in the ^vlder part ot a valley, where iii 
some corner or indentation in the side they have not been exposed to the 
full action of denuding and transporting agents. They sometimes occur 
near the mouth of tributary streams coming into a larger valley. These 
moraines are at times the terminals of the tributary glaciers, but in some 
cases they are undoubted lateral moraines of the mam glacier. The 
incoming stream of ice has pushed the mam glacier over, and accumu- 
lations have taken place on both sides of the tributary, especially on its 
upper side, and the stream of water which has succeeded the glacier has 
pushed over the main river in its turn, thus preserving the moraines at that 
spot, even if they have been removed from othei parts of the valley by the 
transporting action of the rivei. 

A peculiarity may sometimes be observed in the arrangement of the 
blocks of the lateral moraines which is occasionally useful for differentiating 
them from terminal moraines. In the latter case there is no order or 
arrangement — ^the blocks lie quite at haphazard ; but in the case of lateral 
moraines the blocks usually lie with their long axes parallel to the direction 
of motion, and also the upper ones overlap the lower ones like pebbles in a 
stream. This arrangement is certainly lude at times, but it as quite dis- 
tinct, and is brought about by the movement of the glacier causing a drag 
on the heavy accumulations between it and the valley-sides where the 
latter are not in close contact with the ice, such as at those parts where the 
valley is slightly wider, or where the glacier is showing signs ot deci*easing 
activity near its terminal face. 

Thin coatings of moraine also lie on the tops of truncated and semi- 
trunoated spurs left by the receding tide of ice. An excellent example of 
this occurs on the downs behind Prospect Hill, in the angle between the 
Eakaia and the Lake Stream (Plate V, fig. 2). 

(c.) loc-planed Slopes. 

These are a special feature of the Lake Heron Valley, all the north-west side 
of which is smoothed and terraced to a remarkable extent (Plate V, fig. 1), 
recalling the photographs which appear in Professor Park's bulletin on the 
Wakatipu district. The similarity of the landscape in the two districts is 
really surprising. Judgmg from the shape and slope of the glacier-shelves, 
the ice must have come from the north, even in that part of the valley ad- 
jacent to the Eakaia. This undoubtedly proves that a section of the (rreat 
Eakaia Glacier overflowed from the present Eakaia basin, came up the 
valley of the Lake Stream, and left its marks on the ice-plaued hills towards 
Hakaterc. As it overflowed the Clent Hills towards the Stour Eiver it 
modified the landscape similarly, 

(d.) Roches Moutonnees. 

Ice-shorn rocks are a feature of certain parts of the land-surface. They 
occur in the Lake Heron Valley between the Clent Hills Station and Lake 
Heron, where their long scour slopes presented towards the north clearly 
indicate the direction from which the ice has come. In the Eakaia they 
appear at the sides of the river-beds, but lower down we find Double Hill 
smid Little Double Hill, typical roches moutonnees, in the actual floor of the 
valley. In the Eangitata, the Jumped-up Downs, and the isolated hills 
in the floor of the valley between them and the Potts are also excellent 
examples of this result of glaciation. Clearly marked striae are rarely 
seen but if the surface coating of soil and debris were removed they 
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would appear plentifully, since the rocks are liaid and resistant enough to 
letain the finest markings. Bodies moutonvees of small size arc very in- 
frequent, and the larger ones gi’ade into the general ice-shorn slopes and 
truncated spurs. 

(e,) Truncat*^d and Senn-tnuicated Spurs, 

These are exhibited in all stages of development in Ihe Eakaia Valley. 
Ils sides have been straightened so that their alignment is almost perfect, 
and the spurs exhibit the triangular facets which result fi-om the shearing- 
off of their ends. I have shown elsewhere that such a land-form is 
stable, and persists after other features resulting from glaciation have 
been destroyed by denuding agents. Even in the A&hbmton Gorge these 
faceted spurs occur in an almost peifect condition. In the earlier stages, 
if the vallev is not very deep, the mode of truncation of the spui‘ appears 
to be that a series of strips is planed oft' the ends from above dovmwards. 
Shelves left in an unfinished condition suggest that this is a common pro- 
cedure, although erosion at the base of the spur and along its whole face 
must occur as well. These processes heighten the steep slope that the 
end of the spur presents to the main valley, and it must become so high 
in time that the glacier '*amiot overtop it, so that the valley can be 
widened only by scouiing away the end and by eroding the base. 

The angle of slope of the end of the spm* is related to the width of the 
valley and the amount of ice passing through a particular cross-section. 
VTiere the valley is wider in its pro-glacial stage and the supply of ice is 
small the walls flare more and the angle of slope is not" so steep. Where 
the valley is narrow and the supply of ice is great the angle approaches the 
perpendicular. An exceptional instance of this action is seen on the north 
side of Milford Sound, where the Lion Rock is verticc"*! for hundreds, even 
thousands, of feet. The height of the face of the spur is increased by the 
deepening of ihe valley as the ice erodes its bed, and the slope tends to 
become more and more steep as the valley is more deeply cut and the stream 
of ice more confined, a result quite analogous to that produced by a river 
when actively eroding its bed. In some cases the spurs are only partially 
truncated, and specially so \vhere a strongly marked ridge is overridden 
by ice coming in from a tiibutan" or round a pronoimced bend in the valley. 
Both Mein’s Knob and Jim’s Knob, at the head of the Rakaia River, owe 
their form to this action, and in their case the result has been intensified 
by the mutual interference of llic Lyell and Ramsay Glaciers as they forced 
their way together through the somewhat narrow valley just below their 
junction. The ice has thus been crowded up on the slopes of the spurs at 
the sides, and they both show the well-defined notch cut close to the valle}'- 
wall by the more active erosion of the ice as it swings romid a corner. If 
this process is carried further it produces a rounded knob separated from the 
main portion of the spur. Prospect Hill (Plate V, fig. 2). at the junction of 
the Lake Stream and the Rakaia, owes its form to a part of the Rakaia 
Glacier tinning out of the main valley in the direction of Lake Heron and 
cutting oft the projecting spur on the western side. It is a splendid example 
of a semi-detached knob, and the downs behind it are the remnanr of the 
spur which has been reduced, but still remains at a height of 600 ft. above 
the present floor of the main valley. In a former plateau country in which 
the valleys are well developed the ice frequently crosses saddles and cuts 
them down to a greater or less extent. In this way ridges are often partially 
or completely separated from the mountain mass which they were originally 
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connected v^ith bucli ndges gpnad.lh lu paialkl to the diiection 
ot tlie ice-flo^\, and will be elnadcd and icduced m height it tin ict ran pass 
ovei theii-‘ and i educed m length it cannot pass o^c^ them Thus all 
stages appeal betx^ocn the long spui and the conical hill hi the bailee ot 
the Waim kaiiii and in the Lake Colcndge ba&iii on the noith ,ide o1 the 
Eakaia Ri\<i the intiin.ediate foinib occui in poitect sequence hut in the 
Lake Heioii distiict the destiuction lias been moic (ornpletc uid the spuis 
giadc into lo\i flat )ockes 'iuoutonnus oi into icc plamd slopes An nistaiice 
of such a cut-out spur can bo seen m Shaggy Hill fi\e miles noith of LaKi 
Heron uheic lav the ougmal divide between the Ashbuiton and Eakaia 
basmSj ^\hich has been Joweied and one of the spuis leduccd to an imrienst 
toohe moutonnee An advanced stage in the destxuctioii ot such « ndge 
occuis in the Sugailoaf, at Lake Heioii This mass is evidentlv the le mains 
of a spui vliich divided tvto 'saile}s, and ■which piojccttd abo\e the stieam 
of ice as a nunatak even at its ma^ium, foi its top shows no sign ot 
glaciation, while its sides and noithein end hate been rasped and smoothed 
awa^ 

(/.) F alky-lcatinfs 

The piotilos and cioss-sections of the ^ alleys me those pioduced ])v 
the action of glaeieis on a raatuicd stieani system Then special loatuies 
such as the alignment of the t alley-walls, the tiuiication of the spins, and 
the piesence of glaciei-shehes, iochea movtemneea and naoiaines, have been 
]u&t dealt with The suiface teatmes ol the Lake Ileioii Valley hate been 
httlo alteicd suice the glaciation aiid this suj;g(sis that it cannot hate 
occuiiod at a distant pciiod of time, geologically speaking The Eakaia 
■\"alley has lieen subiert to the action of a gieat uvei ovcichaiged with 
detxital mattei, so that the U-shaped flooi has been nlled to considexable 
depth with matexial dexxved fxom the glacieis at its head and fiom tnbut ii^ 
stxeams and shmgle-shps The U-shaped foim has thus been niodxhed 
and the flooi has been flattened bv the deposits of an aggiading stUMUi 
The actual depth of the deposit is unknown at piesent, but it must amount 
m places m hundieds ol feet 

The cioss-sections ot the \alleys piesent some iiitacstnig featuies 
Above the level of the timicated spins, oi abotc the level to which the 
glacieia filled the valleys — and this applies to the tiibutanes with (cjual 
foioe — the slopes become concave in shape (Plate M fig 1), The'se nc to 
be found in the whole mountain aiea of Cniteibuiy At highci levels thet 
aie occupied foi a pait of the yeai -with snow, and they S(*em to owe then 
ongui to Its weatlioiing aition By its 2 >iesence the suiface of the locks 
IS mamtamed m a moist condition, and slow but siue chemical and othoi 
oiosion takes place, a shell-liko hollow being eventually foimed llie snow 
foims these hollows, in which atteiw^aids, as weatbeimg action i>iocceds, 
thick dnfts accumulate If the clmiato giow^s moie iigoious oi othei cu- 
cumstauces piomote the pxogiessive accumulation of snow, then a small 
glaciei forms Such conchoidal slopes, developed uudei foimei moic seveie 
climatic conditions, are the favouiite location of oui moistuie-lovmg alpme 
plants and our mountain meadow^s, with then nch displays of Bnaunculm 
and Owma, 

{g,) Cotm GUrners in Relation to the Fomalion of Passes and the Dissec- 
tion of jSpws, 

In foimer times, when the conditions favouied the accumulation of 
thick dnfts of snow, these concave hollows weie gradually filled with ice 
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Fig. 1. — Valley of Loupeb Stream, leading to Whitcomee Pass. 

Showing ice-eroded lower slopes and conchoidal snow slopes above them. 
The Pakaia River bed and characteristic fan of the Louper Stream in 
the foreground, Lonper Peak in the background. 
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and became corrie glaciei-s. The process of erosion begun by the snow 
was continued by the ice, but on different lines. The walls and sides were 
sapped back and the basins were enlarged till the glaciers they held became 
small ones of the valley type. As this went on, the floor was eroded deeper 
and deeper at the head, while little erosion went on near the lip, so that 
when the ice disappeared the hollow left behind was usually occupied by a 
lake. This seems to be the ordinary course of the development of a corrie 
glacier and the hollow usually associated vdth it, according to the most 
advanced school of physiographers ; but there is a weighty body of opinion 
totally opposed to the idea that corrie glaciers are potent agents in modify- 
ing landscapes. Although the present ^v^iter is somewhat chary of express- 
ing a dogmatic opinion on a subject which has lead to so much controversy, 
his experience in the glaciated districts of this country, notably in the Sounds 
region, leads him to think that the course of development outlined above 
accounts best for the phenomena that occm. 

By granting the capacity of glaciers of this type to sap back their heads 
one can explain the formation of the jagged and razor-hacked ridges which 
so frequently separate the head of one tributary glacier from that of its 
neighbour across a divide. The usual sequence of events in such a case 
appears to be as follows : First there is a ridge, more or less rounded, with 
two shell-like hollows containing snow on either side. In process of time 
a corrie glacier forms. Then sapping goes on, and the divide becomes 
narrower and narrower ; then it is a mere wall, and finally this collapses 
and a saddle results. At the head of the Eakaia there are existent glaciers 
which show all stages of this development and furnish some idea of the 
modification which results from their action on mountain-ridges ; but in 
those parts from which the glaciers have retreated the landscape-forms 
resulting from this action can be readily noted and studied in detail. We 
see here all the stages from the shell-like hollows, through the razor-backed 
ridges, to the final ‘‘pass” form. The latter are usually XJ-shaped in 
cross-section, but they tend to become parabolic by the accumulation on 
their floors of detritus shed from the walls. It seems possible that the 
isolated ridges which so frequently occur in all the great valleys of Canter- 
bury owe their dissection to this process, especially as the main valleys run 
acroi^ the strike and the cross -valleys are develop^ in the soft beds paraflel 
with it, these beds furnishing an opportunity for snpw to weather rapidly 
the shell-like hollow where thicker and more persistent drifts; can gather. 
When the lowering of the divide has been accomplished by this action the 
main glaciers occasionally pass through them, especially if they ate on tte 
increase ; they are cut down further still by the usual methods of ^cier 
erosion. The occurrence of parallel or subparalld ridges in the monur 
tainous district b£ Canterbury are of such a frequent occurrence, and such 
an important feature of the landscape, that, their Jbrmation appears to 
he connect^/vnlh the. former glaciation, and the e^fanation I have given 
seems to me to he the: most satfefectqiy/way of accounting, for their eidst- 
■ ehce. .c - ■ ■ ' /' 

Note.— -S m<5e' writing the .abpye I have , seen an interesting paper hy 
Professor , , Btobbs, pi Sfi^gan - iCniycsirity,: the 

srapAioal for February^ emphash^ the. import 

effect produced; on the' mbtot^^1»po^ph;;y the 

walls of corrie gfeciersv Moi^ of ‘the 'todsi^pe-^ motioned by 
Professor Hbhbs are exemplified in that part of the mountain district of 
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C'.intcrLury wliicii lia^ been suljject to glaciation in tlie past, or where 
glaciers occur now. The conclusions I have come to were made quite 
independently, and this may perhaps lend additional weight to them, as 
they are the result of obsen'ations in a country far distant from that where 
Professor Hobbs made his. Professor W. M. Davis, of Harv^ard University, 
has lately informed me in a letter that Matthes was the first to point out 
the relation of corrie glaciers to saddles and passes, in a report on the 
glaciation of the Big Horn Moiintams (United States Gcol. Survey, 21st 
Annual Eeport, 1899-1900). 

(Ik) Glacier Potholes. 

(rlate yi, tig. 2.) 

A very interesting and suggestive landscape-form occurs at the jimc- 
tion of the Lake Stream with the Hakaia. This is a round hollow over 
300 ft. deep and about half a mile across, ^v’ith the whole interior cut into 
horizontal or nearly horizontal shelves. These have evidently been produced 
by the erosion of ice moving m an approximately circular direction in 
horizontal planes. Thei*e is a remarkable resemblance to a pothole in an 
ordinary liver, and the occurrence serves to emphasize the close lesemblance 
that exists under certain circumstances between the erosion of o river and 
that of a glacier. 

If the similarity in the action of the two streams be granted, the ex- 
planation of the formation of the hollow is quite easy. A portion of the 
great Rakaia Glacier rmiiihig from west to cast tinned south just above 
the Lake Stieam, rounded the spur at Prospect Hill, and turned up the 
valley towards Lake Heron. The ice impinged agauist the massive hill to 
the east of that valley, and just at the junction an eddy was formed which 
scoured out the hole, the horizontal terraces being a result of that g}"Tatory 
motion. MTien the ice disappeared a rock-bound lake occupied the hole, 
which has since been emptied through the degradation of the barrier by 
the outflowing stream. An exactly analogous case occurs at the j auction 
of the Cass River with the Waimakariri. The 'Waimakariri Glacier at the 
time of its greatest power flowed from west to east, and on leaching 
Goldeney's Saddle, about six miles below the Bealey, overrode the end of 
the spur and turned souih-east into the valley towards Lake Pearson and 
the head of Sloven s C'reek, folloiring the line of the Midland Railway. On 
the east side of Goldeney’s Saddle it formed a rock-bound basin exactly 
similar to the one in the Rakaia. but not quite so i)erfect. The Cass Rivei 
now runs through it, and passes through a notch in the rim towards the 
Waimakariri. The whole locality presents a remarkable resemblance to 
that of the Rakaia. Goldeney's Saddle aiid its semi-detached knob corre- 
sponds exactly to Prospect Hill. There is a mumitain mass on the east side 
of the inflowing stream, against which a part of a great glacier impinged. 
The rock-bound and ice-scoured pool with horizontal terraces lies between 
the two, rio doubt in both cases foimiog a lake on the retreat of the ice, and 
then this has been emptied in both cases by the erosive action of a stream 
coming in from the south. Both occurrences emphasize the erosive action 
of the ice under similar conditions, and its capacity to scour out rock- 
bound basins in circumstances such as would favour the formation of eddies 
if water and not ice were the moving element. This action explains the 
formation of many of the rock-bound ponds and small lakes which occur 
freely in comitries which have been glaciated. Numerous instances of 
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tills action can be seen in the Hounds district on the south-west of the 
South Island of New Zealand, and those at the head of George Sound may 
be specially cited as furnishing excellent examples of the phenomenon. 

(?.) Efficienaj nj Glaciers as Eroding Aqents : Evidence furnished hif the 

Localitjf, 

A consideration of the glaciation of the area would l)e incomplete Avith- 
out some reference, how’cver slight, to the evidence l)(*aring on the much- 
discussed problem of the efficiency of glaciers as erosive agents. It is ad- 
mitted. eA'en by those who admit least, that glaciers act as flexible rasps, 
and remove the minor inequalities of the land-surface. The landscapes of 
the area under consideration give abundant evidence of this, but they are not 
'>0 decided on the major question of the power of glaciers to excavate the 
beds on which they lie. It appears to the present Avriter that corrie glaciers, 
instead of acting as protective agents, as suggested by some obseiwers of 
Avide experience, do acth’ely erode their beds, and also their side Avails and 
their heads, especially the last, much more rapidly than the streams Avhich 
issue from them erode their beds. Also, small valley glaciers haA^e this 
power as well, and enlarge the amphitheatres at their heads at a more rapid 
rate than the rivers which they give birth to erode their valleys, so that 
these are narroAV in their loAA^er reaches, whereas their upper portions, Avhich 
haA'c till recently been filled Avith ice, are A\ude and of basinlike form. In 
tills case, hoAvever, full consideration must be given to the possible neutral- 
ization of the erosh^e power of a stream overloaded Avith waste, as many of 
these streams are. Still, after making full allowance for this, there appears 
to be ample proof that ice in corrie glaciers and in the smaller A^alley ones 
related to them does not act as a protecting but as a poAverful erosive agent. 

There are other matters suggested by the landscape-forms of the Rakaia 
Valley AA^hich require very careful consideration in this connection, and 
apparently point in the opposite direction. First of all, there is a marked 
absence of waterfalls and hanging valleys. On the northern side of the 
main river the numerous parallel streams which rise in the main divide 
and fiow south enter at grade (Plate VI, fig. 2), and the same is true of those 
on the southern bank, although they are few in number, and, vdth. the 
exception of the Lake Stream, are much smaller. At firsr sight it Avould 
appear that the glaciers have only acted as a rasp, and modified but slightly 
the featm*es of the preAuous valley system, AA^ere their efficiency as erosive 
agents not clearly indicated by the basin which occurs in the main valley 
of the Rakaia below the intake of the Lake Stream. Here there is a great 
holloAV over twenty miles in length and 500 ft. deep in places, shut in at its 
lower extremity by a rock aa-uU, AA’^hich was once occupied by a great glacier 
and was subsequently either partially or wholly filled Avith silt. It aa'ss 
finally drained by the outflowing river cutting down a narrow gorge through 
the lip of the basin, a result hastened by the pouring-in of enormous supplies 
of AA^aste as the glaciers retreated up the valley. This landscape-form is re- 
produced perfectly, but on a smaller scale, in the Upper Ashburton Valley. 
In this case it seems impossible to attribute the rock-barred holloAv to any 
other cause than basal excavation by a glacier. Exactly similar features 
can be seen in the valleys of the Eangitata and the Waimakariri, and they 
no doubt occur in the less-advanced condition in the valleys of the Tasman 
and Godiey, in the basin of the Waitald, further south. Here lakes still 
occupy basins once filled Avith ice ; but they also, like the basins further 
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north, art* destiut*d to obliteration by the rapid lowering of their outlets 
and by lillinir up by detritus poured in by waste-laden streams. There 
appears to be no reasonable doubt that in these cases, too, water has col- 
lected in the hollows excavated by former glaciers. 

The only other hypothesis whh*h may be put forward to explain these 
rock-botmd basins is the somewhat unsatisfactory" one of faulting or warping. 
Although a system of radiating faults has been suggested as the reason 
for the peculiar orientation of the valleys of Canterbury (McKay, Geological 
Report. 1892). the basins, as they occur, could only be explained by a series 
of peripheral faults or lines of warping disposed in a rude circular ar- 
rangement aromid a centre. Of this there is no evidence at present, and, 
unless the occurrence of earth-movements such as these can be thoroughly 
demonstrated, it seems best to adhere for the present to glacier excavation 
as the most satisfactory" explanation for the formation of these lake-basins. 
Further, if earth-movements are a prime cause of their formation, why are 
lakes found only in those parts of the South Island which have till recently" 
been subjected to the action of icc, and not found in parts which have 
undoubtedly" experienced very recent faulting and other dislocation ? 

In the face of this contention the absence of w-aterfalls and hanging 
valleys and the accordance of the grade of the tributaries u"ith that of the 
main stream may" be accounted for in two ways : — 

(1.) That the solid floors are really- discordant, but the valley- of the main 
stream and the lower part of the tributary- have been so filled with detritus 
that the discordance is completely masked. We have really no idea of the 
depth to w-hich these valleys have been tilled u-ith waste, but it may amount 
to hundreds of feet. Borings in the bed of the Waimakariri in a similarly- 
situated position disclosed nothing but shingle for 30 ft. This is a very- 
shallow depth, but it represents all that has been done in the way of explora- 
tion by’' boring in these river-beds. If the thickness be very great, as it 
probably is, then the tributary valleys of the Rakaia may resemble, perhaps 
remotely, the tributary- valley-s of the Milford Sound, such as Sinbad Valley' 
and Harrison’s Cove, which are accordant with the level of the sea, or 
nearly so, but markedly- discordant with the floor of the sound. 

(2.) It is possible from the arrangement of the tributary valleys that 
they were filM with ice long after it retreated from the main valley. The 
latter for some distance makes a very- small angle with the direction of th<" 
main range, where the snow collects and forms glaciers. At the present 
time the Ramsay Glacier nms at right angles to the main valley, and ends 
on reaching it. The same would be true for every- tributary on the northern 
side of the river at some previous time. At one stage in the retreat of the 
ice a great} river would run across the terminal faces of several large glaciers 
coming in from the north and occupying a "series of parallel valley-s. Ice 
erosion would therefore proceed in them after it had ceased in the main 
valley-. The same accordance in the tributaries can be obsert-ed in the 
V'uimakariri, and the same explanation fits this case as well. However, 
there are facts w-hich undoubtedly lean to the other side. The valley system 
had no doubt reached a mature stage, and the valley-s were accordant before 
they were modified by glacier-action, and the fact that they are still ac- 
cordant may be taken as proof that glaciers have little power* of differential 
erosion. If it were not for the e'\-idencc that they- have eroded their beds 
lower down the valley, I should be inclined to say that the advantage lay 
with the opponents of ice erosion. My opinion is, however, greatly influenced 
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by experience in the fiord region of the south-west of New Zealand, where 
the landscape-features are apparently inexplicable on any hypothesis which 
denies to glaciers the possession of marked powers of excavation, though it is 
possible that we are not awace of all the factors which control this power. 

7. Changes in Drainage in the Rakaia Valley. 

The case of the change of drainage in connection with the Lake Heron 
Valley has been referred to several times previously. In the pre-glacial 
river "system the Cameron undoubtedly drained south toward the Ashburton, 
and in ail probability a small tributary ran north to rhe Rakaia from a 
divide between that river and Lake Heron. This divide was lowered by 
glacier-action, and the drainage was reversed. The change resulted largely 
from two causes — yiz., (1) the piling-up of a barrier across the Lake Heron 
Valley at the south end of the lake, and (2) the lowering of the bed of the 
Rakaia by the erosion of its great valley glacier. The Lake Stream has 
thus been given a high gradient, and it has therefore rapidly removed any 
barriers that may have existed to the north of the lake, and has degraded 
the rocky ridge which formed the lake’s containing-wall on that side, so 
that its size has been materially reduced from that which it had immediately 
succeeding the retreat of the glaciers. The great swamp north of Lake 
Heron is the old bed of that lake in its extended form. 

The overdeepening of the bed of the Rakaia also allowed the small rock- 
bound lake at the junction of the Lake Stream and the main river to be 
emptied as well. 

In other parts of the Rakaia Valley drainage anomalies occur, the 
most remarkable being that of Lake Coleridge. This lake occupies a 
valley parallel to that of the Rakaia. down which the Wilberforce River 
and glacier once flowed. A great terminal moraine was left by this glacier, 
which was also added to by a lateral one from the main Rakaia, across the 
south end of the lake, blocking the drainage in that direction. The efiect 
was accentuated by the lowering of a saddle in the ridge between the upper 
end of the lake and the Rakaia Valley, so that at one stage the glacier 
flowed over this and reduced it so far that the Wilberforce River deseited 
its old bed and joined the Rakaia ten miles further up stream. The lake 
followed this direction too, and now discharges at its upper end by a small 
stream which joins the Harper River and flows into the Wilberforce. The 
Harper River also once flowed down a valley to the east of the Lake Cole- 
ridge Valley and parallel i\dth it : but it, too, turned over a low saddle in 
the direction of the Rakaia, and flowed through the "Wilberforce gap. Other 
small streams have behaved in a similar way, and have turned from their 
own valleys through gaps in the ridges that once separated their own valleys 
from the Coleridge Valley. These gaps were in all probability formed 
primarily by the action of corrie glaciers in the manner described previously. 
These remarkable changes in drainage seem to have been made possible by 
the overdeepening of the Rakaia Valley by its more powerful glacier below 
the level of the parallel valleys, thus providing a lower temporary base- 
le\"el for the tributaiy" streams. The same fact is also true to a modified 
extent of the valley to the east of Lake Coleridge, which has been eroded 
deeper than they have by the large glacier which occupied its floor. 

While the Ralsnia has been gaining in the upper part of its course as a 
result of glacier interference, it has lost lower down. Between the Rock- 
wood Hills and the Big Ben Range there is a wide valley which was occupied 
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once by a iargt* ubtciei* which flowed boutli-west, as OA^deiiced by the 
smoothed slopes of Fighting Hill near its junction with the Rakaia. The 
outlet of the valley is very wide and open towards the Rakaia, but it is 
partially Mueked by a large moraine, partly a terminal of the glacier which 
issued from this valley, and partly a lateral of the main glacier. This 
p(mded back a large lake in the basin once occupied by the glacier, which 
secured an outlet not by the Rakaia, but by the Selw^ui YaUey — a result 
no doubt aided by the active erosion of the latter stream, which enabled it to 
cut back its head through the range of foothills and to draw on the basin 
ill the rear. The existence of this lake is demonstrated by the deposit of 
alacial silt which occupies a part of the floor of the emptied basin near the 
High Peak Station. The Selwyn now flows fi*om the valley through a 
narrow gorge of more recent date than its upper basin, and it has gathered 
to itself all the drainage belonging to this basin which once added to the 
Rakaia. The Rakaia Crlaider has thus been directly or indirectly responsible 
for several remarkable changes in the drainage directions in its basin and 
those of its immediate neighbours. 

8. Totara Forest. 

A very striking feature of the Upper Rakaia Valley is the forest, com- 
posed chiefly of totara {Podocarpus Hnllii). which clothes the hillsides for 
miles on the north bank of the river, and which occurs in large patches 
on the southern bank (see Plate VII. fig. 1). In this locality the wet 
westerly winds reach well across the main divide ]>efore the}' become 
parching and dry with the usual <*haracters of the Canterbury north-wester, 
and the mountain ranges on the south of the Rakaia shelter the upper part 
of the valley from cold southerlies ; so that the conditions are thus favour- 
able to the gIo^'rth of this rain-forest tree. The patch in the Rakaia is but 
the remnant of an ancient forest containing totara which extended over a 
wide area on the eastern side of the range, and reached southward through 
the Mackenzie country into Central Otago, the important bearing of which 
on the question of post-glacial climates is considered by the author in another 
paper in this volume. Further details rejiardina this plant formation will 
1»e found on page 363. 


PART II.— PLAXT ECOLO(4V. 

By L. Co< KAYXE, Ph.D., F.L.8., and R. M. Laixg, M.A., B.Sc. 
hfforc t/i* Pltilo^oph\al IhsUtutt of Cautahui*/ 6th Otfohc/\ 1920*] 

1, IKTRODUCTIOX. 

Very little has been published regarding the botany of the Rakaia, 
Ashburton, and Rangitata Valleys and the mountains adjacent. Sir Julius 
von Haast’*' made considerable collections of the plants during his early 
explorations in 1861, 1864, 1865, and 1866 (Haast, 1879), and these were 
determined by Sir Joseph Hooker, the new species being described in 
the “ Handbook of the New Zealand Flora," while the rarer species are 

* In his iirst espwlition Haast was accompanied by Br. A. Sinclair, who was, 
unfortonatelv, drowned in the Rangitata River, falling, as Haa^t writer, “ a victim to 
hia zeal for hia cherishe<l acience." 
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mentioned in tlie same work. Haast (1866) noted a few of tlie plants of 
Browning's Pass, and calls attention to the subalpine scrub on Mein’s 
Knob, describing his passage thi'ough it as “a herculean task.” Mr. J. B. 
Armstrong (1879) described several new species from material collected 
by Mr. J. F. Armstrong, who, with the late Mr. W. Gray, of Governor’s Bay, 
had made an excuTbion to the Rangitata Valley in 1869. These species 
were, for the most part, again describtd by J. B. Armstrong in the “ Trans- 
actions of the New Zealand Institute'' (1881). Mr. R. Brown, of Chxist- 
chui'ch, accompanied by Mr. F. N. Adams, botanized in the Wilbeiforce 
Valley in 1885, following the Moa Creek to its source. A popular account 
of the excursion was written by the latter, enumerating some of the plants 
met with— c.f/.. Hijmcnophyllutfl MaUuigii. Alsophilo Colensoi, Fohjstichum 
cystoteqvi, Itanynciiluii Godleyanus (abundant), Vct'onica waeranika (Adams. 
1885). Lihocednis Bidivillu is stated to be the leading forest-tree. Brown 
published his results later (1894, 1895, 1899), descri]>ino several new speciea 
of mosses. During the progress of the present geological survey of Neu 
Zealand a few plants were collected in the vicinity of Bro\\'ning’s PaoS, 
and these, identified by Mr. A. H. Cockayne, are published in the report 
dealing with the “ Holdtika Sheet ” (Bell and Fraser 1906, p. 101). 

The authors visited the Arrowsmitli district in the summer of 1909-10. 
but independently of one another, and at different times. Laing examined 
the vegetation of Mount Potts and the adjacent parts of the Rangi- 
tata and Clyde Valleys, and also the Cameron Valley to its glacier; 
Cockayne, who had the special advantage of Mr. R. Speight's company 
and geological knowledge, paid attention to the country in the vicinity 
of Lake Heron, and thence to the neighbourhood of Mein’s Ejiob, on the 
south side of the River Rakaiu, opposite the terminal face of the Ramsay 
Glacier, and for the account of the associations, &c., of that part of the 
district he is alone responsible. Both authors studied the plant covering 
of the lower Ashburton Gorge, and the upper Ashburton Plain as far as the 
stony bed of the River Cameron. Only a few weeks uere spent on the 
work, even when both excursions are considered. It is plain, therefore, 
that but a very superficial knowledge of the district was gained, and wert* 
it not that matters of general interest are discussed, and formations con- 
sidered, which concern also other river-valleys of eastern Canterhur}’-, <S:c.. 
with which we arc ])etTer acquainted, and which also belong lo the glaciated 
area, this paper would not have appeared. 

The term “ Arrowsmith district is Ubed in a broad sense. It includea 
not merely the actual range itself, but portions of the adjacent counfci*y, 
including the mountains lying to the east and north of the upper Ashburton 
Plain ; but iis topography and geology is suificiently described in Part I. 
It must, however, be pointed out that the word ** district ’' is not used in 
its phytogeographical sense, the area dealt with including, in point of fact, 
portions of two botanical districts. 

•2. FRDURY CAHSEiS AFFECTIXC4 THE CHARACTER AND DlM'RIBl^IO>s 
OF THE TEGETATIOX. 

(A.) The Ctlaoial Period. 

All authorities agree that the present glaciers, exreiLsive though they 
ate, represent a fraction merely of their former area ; the only point in 
dispute is as to ho\v' far they extended into the lower country. But with 
regard to phjlogeogi'aphy the extent of the glaciation matters little, so long 
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i<s siifccient is hliowKl e*.btwardb. southwards, and pt‘rhaps Avestwards, 
for the ph.i.Ts driTen out of the mouutains to find a haven of refuge. On 
the roKtiary. if it is assuiaed that an ice-sheet has covered the southern 
Mid of fiivatt 1 Xew Zealand, Uacing no Ifunl cnsttcords or iresto^arJs oj the 
Hi nrrfic then, for leasoiis already given by Cockayne 

]>. 7), the present distribntion of speiits is inexplicable. 

Tlier^ then lemains only to lie considered the lepeopling of the glaciated 
f-om the cast during the letieat of the glacievs and the synchronous 
edA’ance of the plants. Let ns consider, therefore, tlic state of affairs at the 
time the terminal faces of the Caiiter]>uiy glaciers, and of the Eangitaia- 
Kakaia in particular, extended just on to the Canterbury Plain, taking 
into consideration at the same time the efft et of elcA^ation, the generally 
accepted cause of our glacial p^iod (Hutroii. J&OO ; Haast. 1879 : Park, 
1910) upon the (.limate. 

Although till* alacieis may liuti* extended not merely on to the plain, 
hut cA’en far heyond the foothills, it by no means folloAA's that the eastern 
ranaes (Mount Somers. Mount Hutt. kc.) wevo altogether ice-clad, or even 
snow-coA’ered. On the contrary, increase in altitude of the actual Divide 
A\ould le<id to a drier climate on the eastern ranges than the present one. 
and to a much diminished sno'Rfall. so that it is ijiiife possible, et'en at 
tlie greatest assumed extent of the glaciers (see Park J9(»9, 1910). these 
€eistein moiuitains still preserved more or less of their primith'e plant 
(overing. But the increase of drought AA'ould bring about a semi-desert 
<*iiraate on the <*a&t. and, as Diels and Cockayne have slioAAm, the forest- 
plants Avould either perish or be modified (Diels, 1895 : Cockayne. 1901). 
So it is assumed that various xeromorpbii* groAsth-forms have arisen — 
e.gr., the divarknting, the fat-slemnted leafless, &c. On the mountains the 
drought-conditions Avould be still more severe, and then may haA^e originated 
the Raoul ia cushions of the rocks and the highly differentiated slringle- 
slip plants, 

A\Tiether the above specuhtions are approximately true or the con- 
11 ary, the first ground available in quairtitA for plant-colonization Avould 
he the rocky slopes above the ice-line of the valley glaciers, such as are to 
be seen near any of the larue eastern glaciers at the present time. The 
populating by plants of such oround woidd be ATry similar to the evolution 
of fell-tield, treated of beloAA’, AA'hile the ffnai soil Avould be formed by sIoav 
degrees from the easily disintegrated rock (grevAvacke. <kc.) together AAUth 
humus from the plants, tlie plant ewering faA’ourint.. the fornration of a 
true soil. 

As the ice retreated, the smoothed lower slopes of the hills, the roches 
tnttutonees, the moraines, and the vahcy-lioors, much of Avhich would be 
river-bed, Avonld be by degrees exposed. Soil of a different character 
to that mentioned above AA'ouid finally accumulate, and u'ould consist of 
rlie ufind-l^loAA'n rock-flour from the rh’^er-beds. of the subglacial material 
(boulder-elay, &c.) Avhich Avould be left on the rock. &c., as the ice melted, 
and, in special positions, of extensive deposits of lateral moraine. That 
the siuiace soil of the valleys aird loAver slopes is principally wind-trans- 
ported (i.e., loess), though beneath there may be clay, is eAudenced by 
what is going on to-day dming any dry Avind, Avhen clouds of dust rise from 
the river-bedi-. hut such loess mav not infrequentlv he mixed uith other 
S(»il. 

Qay, formed in situ from the underlying rock, does not appear to be a 
specially important constituent of the soil. For instance, on certain roches 
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hioutontiees, «is Speight Las recently siiown (1911). the i(‘e-ocratch(‘S are still 
to be seen on the non-disinteo rated ]‘oek-sui‘face \\lien the boulder-clay and 
loess are remoYcd, such rock liavinu been presers^ed from ■weuhering by 
its special hardness, the softer rock having been removed by ic<‘-dctioii.’^ 

The plant-colonization of a river-bed at th*' present time must be very 
similar in character to that of the Pleistocene jiver-valleys, while the rock- 
faces left by the ice. where nut c'overed l)y lateral moraine or boiilder-clay, 
would rapidly becoiiie disinlegrated and extensive ahini*le-slip^ be formed. 
Here loess would at hrst play no part in soil-forminu : this would not come 
in till the valley glacier melted, and the earliest associations would pro- 
bably consist of the higher alpine plants, which would later on be re- 
placed on the drier mountains by steppe -plants. A further cause which 
would assist the spread of these latter would be the gradual decrease of 
cold water fi‘oiii the meltina cli^ glaciers, and the consequently warmer 
soil. 

As the /iSve and ice of the highest summits grew less and less the supply 
of debris, owinu to disintegration due to the a(‘tion of frost, would increase, 
while at the same time the rivers below would be cutting their deep beds 
and forming their terraces, plant-occupation going on simultaneously, the 
invading plants being those from close at hand. Between the new plant 
covering and the debris, whether of disintegrated rock or of river-shingle, 
there would be a constant battle, the plant covering nevertheless slowly 
increasing in area. This struggle still goes on, river-fans in particular 
showing all stages of occupation, destruction, and rejuvenescence. Algae, 
mosses, and lichens would be the first colonizers to settle down, followed 
by herbaceous plants and xerophytic shrubs, which together would make 
the first associations. Trees woid come later as soil became more plentiful, 
but they would occupy only gullies, sheltered terrace-slopes, or gi’otmd 
where shrubs had already settled and some shelter was provided. 

(B.) Climate. 

Besides the phybiogruphic factor with which is bound up th(^ varioius 
edaphic distinctions, climate has played an important part not only in the 
distribution of species, but in the selection and evolution of growth-forms. 

As in other Canterhmy river- calleys, 'there are here two distinct climates, 
a wet and a dry : or, to «?ive them ecoloaical designations, n for* st nnd a 
steppe climate. 

The forest climate o<*cur3 only near the source of the Rukaia. extend- 
ing eastwards for perhaps 5 km. from the dividing range, and marking 
by an irregular line the average distance reached by the north-west rainfall 
(see also Cockayne, 190i), pp. 117. 118, and 13<)-33), the rain especially follow- 
ing a main river-valley. When the '^viud is blowing a gale from the latter 
quarter there is frequently not a drop of rain in the vicinity of Lake Heron.t 
and transpiration conditions are at a maximum, but from the neighboiu- 
iug heights a heavv rain-storm can be seen in progress in the Bakaia 
Valley. 

To be sure, the steppe climate is far from being really dry, but eli*ar 
skies with strong insolation are frequent, and the ever-pteseat triml irould 
demand n much hit/her rainfad hefnre forest could establish Hnfnrnlbj. 

* Thifi> is just the same as oi*eui\-N in Europe, &e. 

f The great mas^ of Mount ArrowMuith sbo keep'> hack no mu ill amouni of rain. 
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The ^vind is. indeed, a iactoi* of parainoimt importance. For several days 
at a time the noxth-we&t gale tvjll rage, accompanied by heavy rain in the 
tcesT, but hi the mst quite dt'y. Apart from its powerful effect on transpira- 
tion, the \nnd is strongly antagonistic to tall growths, especially where 
its presence is most felt, as in narrow river- valleys, and the low growth 
of the majority of the steppe-plants, as also the divaricating-shmb form, 
are adaptations " against both the niechanical and transpiration-promot- 
ing action of the wind, whatever their origin in the first instance. The 
south-west wind is of quite minor importance in the Eakaia Valley, hut oji 
the heights it may at first bring more or less snow at any season. In the 
east its effect is more marked. It is a cold wind, and is frequently 
accompanied at first by rain on the lower and snow on the higher 
ground. 

The winter is most felt at above 1.2Crt*iii. altitude, and plant- 

distribution ac( ording to altitude, as Cockayne pointed out some years ago 
(1900, p. 128b depends, in p4‘it at any rate, upon the average length of time 
the snow lies upon the ground. In gullies and hollows where the snow 
accuniiilat<*«^tLe higher al}»ine plants may occur at below their usual altitude. 
B(*sidos acting as a warm coverina to tin plants and checking transpiration, 
snow acts mechani(*ally. ^'specially on the evergreen subalpine shrubs, press- 
ing their branches to the ground. The fell-field herbs and subshrubs are also 
in places subnutted to a gn at piessure, unci look. aft« i the snow has melted, 
as if a Lca%w loller had passed over then : but this flattening has no effect 
on their aftergrotMh. the shoots lapidly absuming their usual position when 
the weight is removed. Very effective is the work of snow in keeping the 
ground cold during the vegetative season, and thus more than in any 
other way does it regulate the belts of vegetation and local distribution. 
Further, its gradual melting leads at the higher levels to a constant supply 
<»f soil-water for a considerable period, and this is especially noticeable in 
hollows which may have a distinctive vegetation dependent partly thereon 
and partly upon the longer time the snow lies. 

Frost o<'Curs at all seasons of the year, and in positions where there is no 
suow-coveriiig young shoots are exposed to its effect. One and the same 
species may grow, however, in spots protected or unprotected by snow, and 
in each be equally undamaged. Certain species of Celmisia in 'winter may be 
'•Gated with ice, and this will fmiction in checking transpiration. Probably 
even at the highest altitude the thermometer never sinks below 18° C.,'* 
<,nd we should not be surprised if the average minimum is higher. 

V ith regard to xeromorphy, too much stress cannot be laid on the effect 
of quite short rainless periods in the wettest mountain climate. Plants 
accustomed to a wet soil, a moist atmosphere, and a frequent downpour are 
exposed all on a sudden to quite opposite conditions, the porous soil also 
rapidly losing its available moisture. In such a case xerophytic structure 
or form sufficient to ward off the danger of excessive loss of water even for 
a few days is imperative. 

* In 1908-9, when on one occasion the thermometer at Kew bank to 10® Fahr., the 
jitevions weather having been mild, Oa^a LynlUl was debtroyed to the gronnd-lovel, 
Sophora ftit*npt(ra wah Idlled, Grhtlinia though escaping the winter frost, was 

mnch damagefl by the winds of IMarch, and ten species of Vfronica were killed or severely 
injn^ (Kew Bull, 23T, 1900). Many other examples could be cited, but this sufficently 
testifies to the comparatively mild climate of the Xew Zealand lower subalpine belt at 
any rate. 



Splk.h'i, CNx KAY^•J:, Lai2Cu . — Moanf Arrow^nnfh /Jf^frirf, 347 


3. THE PLANT FORMATIONS. 

(A.) General. 

Here the term " formation is used in the aeiierir seiihe indicated l>v 
AVanning (1^09, p. 140), the fell-field, for instance, being a portion of the 
general fell-held of Xew Zealand and of mountains in other parts of the 
world, while the associations are local, and. thouali made up of similar 
growth-form's to those of the formation elsewhere, differ in their holistic 
components. vSubassoeiations are smaller communities within the asso- 
ciation, and within these latter again may be groups of species. Finer 
distinctions still could be made, but for such a most cartdul analysis of 
the vegetation would be required, and this is not demanded or desirable in 
New Zealand so long as the broad features of so inucli of the vegetation 
remain unkno^^il. To estimate rightly the limits of certain associations, 
and especially subassociations, is not so easy as might be thought. 

It mast also be pointed out that the study oi vegetation should be 
dynamic, and not static. Associations are not independent creations, but 
each has its life-history — ^its birth, its youth, its manhood — and in ceitain 
instances its evolution may be seen in progress, especially where there is a 
rapidly changing topography, as on a river-bed,* or where rock changes to 
fell-field by way of shingle-slip. 

The same climax formation may come into lieing from different begin- 
nings, or may be the re^t not of progression, but of reversion.# Not- 
withstanding that an association is part of a series, it is a distinct association 
for all that, and may be just as much a feature of the landscape as a climax 
association, from which it differs only in its much shorter life. 

(B.) Steppe-C’li-mate Formations. 

(u.) THE STEPPE SERIES. 

(1.) General, 

Steppe, in one or other of its phases, occupies the greater part of the 
Arrowsmith district up to an average altitude of perhaps 9<Hjm., though 
this is somewhat exceeded in the east. Above it gives place to fell-field or 
scrub, according to the rainfall. There is both edaphic and climatic steppe, 
as also combinations of the two. 

The term “ steppe ” was first used for the New Zealand plant formation 
in 1908 by Cockayne, when dealing with the volcanic plateau in the North 
Island : previously the same author had used the term “ meadow for this 
and other xerophytic formations of grasses aud herbs. Laiiig and Black- 
well, however, in 1906 had already shown that " tussock country,'’ as they 
called it (1906, pp. 3, 4), was a vegetation-form of a different t\"pe from 
meadow proper.f How nearly related the New Zealand steppe may be 
to that of AA'^arming ^1909, pp. 281-88) is another matter. Certainly the 
rainfall and number of rainy days is much greater than Warming gives 
for a steppe climate ; but it must be borne in mind how greatly a heavy 
rainfall can be discounted by frequent high winds plus a uoii-retentive soil. 
The formation also seems related to Warming's " chersophyte vegetation," 

* vSee Part 1 re to|)ography of a river-bevl. 

t Grass steppe i'* found where the rain i-s moderate in amount, buL fall^ only a 
few days in the year ; gras^ steppe as a rule can K* utilized for euItiTation without 
artificial irrigatioii (Warminy, 1909, p, 274). 
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but this latter we consider with Tansley (1909) an unsatisfactory class, 
since, on the one hand, it is evidently very close to steppe, and, on the other, 
its forms are often altogethei artificial. 

The land-surface of the mountain steppe consists of lull-slopes ; river- 
beds, sometimes lying deep below the general surface of the land ; high 
river-terraces whose remarkably flat tops are old flood-plains, but whose 
stony faces slope steeply to the river-bed beneath , heaps of old morainic 
matter with the surface crumpled and irregular ; roclies mouionnhs and 
j'iver and torrent fans. 

The surface soil is a solt silty clay, the loess or semi-loess already spoken 
of, which is readily denuded, easily moved by the wind, and rapidly becomes 
dried up. Beneath, the clay may be stiffer, and there is nearly always a 
porous gravelly and shingly subsoil which frequently comes close to the 
surface. 

( 2 .) Huccciiision, 

8o far as our observations go, steppe has originated in the following 
ways ; — 

(a.) Thiough oi-cupatioii of a(*tual river-bed. a form of succession easily 
studied at the present time. 

(p*.) Throuah disintegration of rock followed either by shinale-slip or by 
a fan at the mouth of a river or torrent. 

(y.*) Through occupation of moraim*, boultf^r-clay, or other str.inded 
glacial debns. 

(8.) Through soil blowing on to a roc L-sur face which l>y degrees becomes 
occupied by plants, these fiuther trapping and holding fresh blown soil. 

(f.) Through a shallow lake being tnrn<‘d by various stages into dry 
land. 

(3.) The AssociatioHf^. 

(«,) Rock. 

Unfortunately our notes contain but little regarding the rock- vegetation ; 
in fact, rock-faces are much less in evidence in the steppe belt than in that 
of shingle-slip and fell-field. The rock-plants, leaving a number of mosses 
and Ucheiis on one side, are generally species also belonging to the steppe 
proper, and their numbers d('pend altogether upon the form ot the ro<‘k- 
surEace and its capacity for catching blown soil and accumulating humus. 

Aspleniu}}} Ilichtrib, a fern 5-12 (*ra. tall, with dark-green ratln'r thick 
much-cut tufted leaves given off from a short stout rouuclecl caiidex, is 
abundant in shaded hollows ot tlie rock. Tussoc'ks of tlie grass Poa caespi- 
tosa and Festuca ruhra var. are common, evtm where therc^ is little soil, Tlie 
small succulent herb (^rassula Hiehcrinna is abundant, and the follow- 
ing are also common: Danthonia mnianmihrk (tufted grass with slender 
involute leaves), MuehlcnbecMa aTilIans (creeping, prostrate, wiry stemmed, 
small-leaved slinib), Cardamine heterophylla (annual herb 10 cm. or less 
tall with slender decumbent stems and short moderately thick smooth 
pinnate leaves), Oxalia confiiculaia (prostrate creeping herb with slender 
matted stems and very small rather thick leaves), EpUobhm pubens (semi- 
erect herb with stems sufeuticose at base and pubescent leaves about 2*5 cm. 
long and red beneath), Aifiisotome aromatica (rosette herb with very long 
fleshy root and moderately thick pinnate linear leaves flattened to rock), 
Paouliii australis (low' cushion plant wdth much-rooting stems and small 
close tomenlose silvery leaves), Crepis novac-zelandine (rosette herb with 
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model ate-sizocl lliiek piniuiiitid Iimvcss and slout fleshy roof). Various 
xerophyti(‘ siiruhs c)(*eui on rock— r.</., llymenantheia (Icutata var. aljiim 
(cushion of Tiiost ni>id stout scnii-b])inou8 stems bearing, sparsely, small 
thick smooth dark-green leaves and with very long deeply descending 
loot), Catiuichuciia mhusta (flat, assimilating leafless stems about 30 cm. 
tall and v(*rv long deeply descending root), Discaria tomiatm (described 
lurther on), (Hvaria amvvunmrlolia (shrul)-<*ompo8ite form, Tnuch-stiinted, 
leav(»R thick, tomentose). 

Besides the above a good man\ of the stepp(*-plants may occur on rock, 
the number varying according to the amount of soil and position of rock- 
surface with regard to sun and wind. 

(/;.) Fan. 

Wheri' gullies or gorges open out on to the plain or river-bed there are 
fans of debris, sometimes of great extent. The vegetation of these depends 
altogether upon the su])])ly of debris brought down by the ton'cnt, and this 
again is correlati‘(l with the jilant covering of the gully-walls. Fans are 
either active or passiv(‘, and every tiansition between the two may be traced. 
The surface of tin' fan is much steepei than river-bed in general. There 
are water-(‘hannels but ihese are usually dry except during heavy rain, 
the stream lieing g<‘n(‘r«illy undergroxiiul. The stones are frequently in part 
very coarse, and «iri^ ofhm piled into comparatively high but quite unstable 
terraces, liable during any flood to damage or absolute^ destruction. 

The vegetation commences with the appearance of certain herbs whose 
“seeds” are wind-borne, and the formation is markedly open. Competi- 
tion is altog(‘tJier absent. These fu*st-comers are : Erect Epilohm {E. me- 
hnocaulon, E, iHierophfllum), creeping mat-forming Epilobia with slender 
interlacing rooting stems (/i\ pedunndare in various forms, E. nerterioides), 
herbaceous species of low cushion or rounded mat-forming RaouUas (J?. 
tenuiraulis, It mist rolls. It lutescens). and th(‘ curious half-dead-looking 
grey-coloured cupressoid slirub Ilflichrysum depressum. some 40 cm. tall, 
with spreading brancdios bearing a few closely appressed woolly scale loaves. 
As the substratum liecomos stable* the tussock-grasses Poa caespitosa and 
Feshico rubra var., one or both, appeuir, probably occupying first of all a 
soil-making Rooulio (‘ushioii or patch; Muvhlevbeckio axillaris lormB exten- 
sive* circular pat(*heH ; the creeping lern Blechnum penna marina, its leaves 
thi(*k and slunt<*d, forms considerable colonies; the vegetation gets closer 
and typical steppe is installed. 

On the* other hand, tlu* vegetation may develop otheiwise, and the stable 
bill quite stony ground hv occupied by a shrub steppe of almost pure Dis- 
caria toumatou. a more or less leafless divaricating shrub 90 cm. to 1-5 m., 
or more, tall, furnished with abundant assimilating spines. At a distance 
siK'h shrub steppe is bhuk in colour and is an invariable sign of fan or 
of o^d river-b('d. Betwi*en the shrubs there are frequently more or less 
tussocks. 

(('.) Eiver-bed. 

The procession of events on river-bed is much the same as on fan, and 
the climax association will be tusso' k steppe or shrub steppe (Discaria), 
or, in the west, modified subalpine scrub. The most important pioneer 
plant of western river-bed is Raouha Haostii, which builds tiuc cushions 
of considerable diameter, green in colour, full of law humus within, and 
which can cover not merely the smaller stones, but even enwrap such as 
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arc 60 cm. tall A d(‘tailcd .iccoiuit of the ecological history of a western 
subalpine river-hed bv Cockavne vnW shortly appear in the “ Transactions 
of the Botanical Society of Edinl)iiri>h,” so little more need he said here. 

Eastern river-bed vegetation tomrnences with the same Raouha species 
as eastern tan, and the procession of events is verv similar, while it is obvious 
that 1he tussock steppe of a rivei-terrace summit has gon(‘ through the same 
eh.inges as <n’e happening on liver-bed at tlio present time. 

The old bed of tlie Ashburton near Hakatere is occupied by an extiemely 
X(M*ophytic suba&sociation, which would icpay detailed investigation. Tus- 
socks are few in number and far apart. The vegetation is quite open. The 
substratum is flat, very stony, and with but little fine soil. The xerophytic 
whitish moss Bnoomitninn Jnnuginosum is aliundant, growing between the 
stones. There are many broad patches of the narrow erect flat green leafless 
stems of Carmichaelia unifom and C. Enysii, Low silvery circular cushions 
of Raoulia lutescnis arc abundant. Discaria toumatou and Helichrysurn r/c- 
pressum, no longer erect, are flattened to the ground. Coprosma Petnet 
(close turf-making subshrub vdth stout creeping stems and very small linear- 
oblong coriaceous loaves), Wahh^nbergia saxicola (mat-forming, creeping, and 
looting herb with small thick coriaceous leaves in open rosettes), Acaemt 
me) mis (mat-forming, creeping, and rooting subshrub with wiry stems and 
rather thin glaucous or reddish pinnate leaves in open rosettes), some green 
cushions of Raoulia Ilaasfii, and a few flat or raised silvery loiind patches of 
Zi. australis. There arc doubtless other species present. The subassoc iation 
occupies a wide area. It probably owes its btiu(tiiii‘ and cbarattiM* not 
only to the edaphic conditions, but to the wind-swept liabitat. An epbai- 
nionically similar suba&sociation occuis on the most stony ground of liie 
Canterbury Plain, but the (^a)))uckaelia is (\ 7iana and the principal Raovlta 
is R. Monroi, 

(d.) Tussock Steppe. 

♦ Qeneidl, 

Montane and subalpine tussock steppe is merely a continuation of tlie 
same formation of the lowlands, and extends over much of th(» mountain 
area on the east of the Southern Alps, and has a fairly uniform floristi(‘ 
composition throughout. Tussock steppe is economicallv far and away th<‘ 
most impoitant indigenous plant formation of the Dominion, and a thorough 
knowledge of its ecology is distinctly a matter of national iinpoi taiu'c. This 
statement is emphasized by the fact that overstocking and burning have 
so modified the original tussock steppe in various parts of the South Island 
that the value as pasture land is gone, a tnn* deseit having replaced the 
original grass land (see (Wkavue, A. H., 1910). 

Oiowth-foyms, 

Tht‘re are doubtless considerably more si^ccies in the association than 
given in our list, but a consideration of those contained therein should be 
quite sufficient to give a clear idea as to the growth-forms and their relative 
abundance. 

The number of species noted is 103, of which 15 are shrubs , 12 subshrubs, 
and 76 herbs. 

The shrubs are : Evergreen^ 10 ; deciduous, 2 , and leafless. 3. The 
following growth-forms are represented : The creeping and rooting, 9, of 
which 2 are the flat-stemmed leafless ; the prostrate nofi-rooting, 2 ; the di- 
varicating, 2, of which 1 is spiny ; the bushy, 1 ; the tall flat-stemmed leaf- 
less, 1. 
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The subalirubs are: Eoarjuru, 9; summer- ijreen, 3. The following 
^rowth-foriTfiR <nv re presented : Cicepnuj {tooting), 11, comprising turj- 
mal'ing 2 and leafless 1 ; erect, 1. 

The h(‘rbs arc^ : Evergreen, 72; summei-tjtten, k The growth-forms 
ar(‘ represented l)y annuals and biennials, I, made up of etect and branch- 
ing, 3 ; iosdfe, I : and perennials, 68, of wJiicIi 4- are summer-gieen, made 
up of the following growth-forms— iussoch 6 ; tufted grass, 12 , creeping 
and rooting, 2t, ol which 7 are turf-formers ; rosette, 18, 2 of which are of 
t}i(‘ Yucca loan ; prostrate not rooting, 3 ', cushion, 3, but some of the creep- 
ing may assunu^ Ihis lorin ; erect and branching, 2. 

If the leaves of all the plants are considered it will bo found that those 
ot 17 species are very small, 14 have margins ineuiwed or recurved, and 4: 
are lealless. Larger halves arc fi'equcntly stiff, ihiclc or coriaceous, or flat- 
tened 1o th(^ groimd as rosettes. The numb<u‘ of glabrous leaves (70) is 
larger than might be expect(‘d, but these are frequently more or leas cori- 
aceous ; toimMitosc heaves number 13. 

Just as tlie steppe develops in coimoctiou with increasingly inesophytic 
^*daphi(* conditions, so does the combination of growth-forms become gradu- 
ally more nn^sophytic. Bui the freely diwelopcd steppe itself provides an 
altogether dilh'nmi (‘iivironment to the unoccupied wind-swept ground, and 
it is the laller members of ihe formation alone {tussock-grass, Yucca form, 
xtromorphie shrubs) oi Ihe plants of special stony wind-swept giound {dwarf 
leafless flat-stemmed shrubs, leafless summer-green subshrub, cushion and patch 
plants, turf-making creeping herbs) that are exposed to severe conditions. 
Tall plants wilhout very si)e(*ial adaptations cannot establish themselves, 
and about 80 per cent, of the florula consists of dwarf plants, mostlv pro- 
strate or cret‘piiig, which grow under conditions of considerable shelter. 

>^♦ 4 . Physiognomy. 

The tussock steppe of the AiTowsmith district is no longer a virgin 
formation. Burn mg and overstocking have brought about a more xero- 
phytio environment, and, although probably all the original species are 
present, their relative proportion is much changed, the originally dominant 
tussock having docreas('d together with the me8oph}ijic grasses and herbs 
which grow in its shelter, while various xeromorphs (species of Raoulia, 
tomeutosi‘ rosette* plants, &(*.) have increased and certain introduced plants 
Iiavo gained a footing. 

8e(in from a distance, tussock steppe appears as a smooth brown carpet 
on th(‘ dimpled hillside. A closer view dispels tbc illusion and reveals the 
bunched-up grass culms and leaves, close together at the round base of 
the tussock but S})reading above and mostly dead at the apices, fpwing side 
by side, each some iO cm. tall, in some places their leaves intermingling, and 
in others distant and with partially covered and more or less eroded ground 
lK‘tweon the clumps. Hero and there stand above the tussock low dark- 
coloured bushes of Discaria toumaiou. On the ground between the tussocks 
there are the creeping plants forming mats — glaucous of Acaena Snnguisorbae 
var. pilosa, reddish of A, mermis, brown of Stijphelia Fraser i, pale whitish- 
green of Raoulia suhsericea, green of Brachycome Sinclairii — orange-coloured 
small cushions of Scleranthus biflorus and great green semi-cushions or high 
circular mats of Cehnisia spectabilis, 3*osettes flattened to the ground of 
Senedo hellidioides (dark green and hairy), Graspedda uniflora var, (whitish 
or greyish-groon), the small roimd leaves of Eydrocotyh novae-zealandnae 
flattened to the ground, and roxmd patches of Muehlenbeckia axillaris its 
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htems ci*cepin« boiUMth th(‘ suifact*. Otlior plants arc coninion ca/.. 

small tussocks ot Poci (^olmsoi. tultcd Danthonia somiainiularis, 
hericuhiis, VncitiHi ndna, (^oJobttntJiu^ Bilhudioi in tiny rosettes which 
mav make small dish ions, Rntnumduit malt laca pun, (U'mninm tie^ath'florumy 
Puuidea hemjata var. Eptlohitint eleqans, the threat bayonets of 

Aciphflla (mtieh less connnon than formerly), J. titjurotosa, A)u\so~ 

fnwr aromaiica, (hulthoin anfipoda var. depressa, cloa^ turt ol (\)prosma 
Petn'ri on stony ground making in places a special “ group,” and in the 
most exposed and dry stations yellowish -gri'en cushion 5 cm. in diameter 
of Colohanthus hrevisepaliis, WahImbeH/ia saxwoh, Laqemphora pefiolata, 
(^elmisia lon(/i/oUa, Vittadinia ausfmJis, Il^lichrqmm belUdioides, IL fih- 
atule, Cofuln sqiinlida, 3Iic}osens Forstefi, and Ta)oxacum (jlabratnm. 

•' ‘ Suha'^sociufion^. 

I Ihinthon^a llaoulu Hteppe. 

This siibassoiiation fre(|iiently occupies wide areas. Lts presence appi^ais 
to depend upon increase of altitude, ])overty of soil, acid or cold soil, and 
perhaps exposure to wind; hut thi' conditions governing its distriliution 
throughout !New Ze<iland have Ix'en altogetlier insufficientlv studied. Th(‘ 
tussock itself is niu(*li taller than that of Poa caespitosa or Featuca mbta 
var. It is also much less relished bv stock, and so its present distribution 
may not be a natural one. 

'f’f Danfhonut flunscnih Steppo. 

This subassociation generallv occupies a higher altitnd(‘ tlian />. lUwuhi 
or Poa caespitosa steppe. Certain of the higher mountain plants enter 
into the combination, and the subasaoclation itself may grade off into fell- 
field. The dominant species is much relished by sheep, so the time ecology 
of the subassociatioii is not easy to determine. 

ttt Dwarf C(0 miclmelin f^tcppc'. 

This has been already described. Besides V. hhujsn and L\ mifout, 
(\ liana is in some places an important member, and the much stouter 
(\ Monroi builds stiff open cushions, its stout woodv root devseending 
deeply and its short stiff stems more or less vertical. The low-growing 
Vemnica pimekoides var. minor grow.> here and there, a specie's with small 
glaucous leaves and blue llowers — 4 I most unusual t'olour in New Zi'aland ; 
and the leatiess grey stems of Mnehlcnhevkia ephedroidcs mav lie upon the 
stony ground, tlndr verv much stouter cree})ing stem hidden beni'ath the 
stones. 

tit"! Tnofha Sti*j)p(‘. 

Tills subassociatioii consists principally of an (‘xtrmnely dense tuif of 
the small grass Triad ia exiijua, which spreads most extensively by means 
of its long much-branching rhizomes, which form eventually a matted 
tangle. The leaves are very narrow, 2-5 cm. long more or less, iiliform, 
convolute, stiff, and almost pungent. Styphelia Fraser i grows through the 
turf, hugging the ground. Carmichaelia Enysii, C. nana, and Staclduiusia 
minima are, so far as we remember, members of the combination, but un- 
fortunately our notes are too brief for an accurate, detailed description. 

(e.) (raija ribifolia Association. 

On fairly sheltered hillsides, in gullies, on river-terraces, and frequently 
where the ground is quite stony, especially in the lov^ex Ashburton Uorge, 
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iho monotony of lli<‘ tiussock ib rcliov<‘cl by ^reen clumps of trees. These 
consist of (t<uju n’hifolia, a low tree 6 in. tall, more or less. A few ferns 
may ^row beneath the ir(*es- e.(/., HlecJihum penna marina, Ilypol&pis 
mUlejoHuuK Pohfstichum vratUum, and on the out;skirts a few divaTicatiin» 
shruhb. 

The presence of (Ut\fu nhijoliti is a si^n of steppe climate, since a forest 
climat(‘ at onc(‘ ref)hic<'s il with the closely allied (i. Lt/alliK Both are 
strictly deckluoiis, but (lilfei ideologically in their leaves, those of G, nbi- 
folia, cover(dd with hairs, biding more xerophytic than the almost glalirous 
adult leaves of G, LyalliL Both species pass through a somewhat similar 
persistent juvenile stag(‘ oi di‘velopinont. 

(/.) l^othofaqm clifforfiouJc^ Forest. 

X, cliff ortioidcs £or(‘si niav be considered the climax association of the 
&ubalpine-Bte])pe climate. It octnirs very sparingly in tlie Arrowsmith dis- 
trict, and is confined to a fi‘w gullies, i)r tlieie may be merely a few trees, 
scattered or in clumps on I In* banks of streams. 

X, clifjorhoidvs is a low canopy tree with a closi' head of small stiff 
l(‘aves. The branching is distichous, and the foliage consequently lies in 
la vers. Th(‘ tre(‘S .ire pr<»l)ablv nol very long-lived, and fall before the 
wind as they decay, their pi, ice being tabm by a close growth of saplings, 
whi<*h, 'as seedlings, foi‘m(‘d most of the undergrowth. 

The following wmv noted as lormiug the undergrowth : BlecJinum penna 
marina (creeping f(‘rn), B, capense 'tufted tern), Ilypolepis millefolimn 
(siimmer-greim creeping fmni), Podocarpus uivalia (prostrate rooting shrub), 
Arintotelia fndicosa, (^nprosma propinqua, (\ parvi flora (divaricating-shrub 
form), Qriselinia lilUualis (busliy shrub), Fuchsia exooriicata (small deci- 
duous tree), Ihiica incisa (erect herb). Doubtless a number of other 
species arc f)r(‘s<‘iit, but at the best tliis association has few members. 
Elytranthe flavida (hemi-parasite) grows on the Nothofaqus, 

At one period, as also in (‘enlral Otago and elsewhere, as already noted 
by Speight, wliere now a steppe climate prevails there must have been 
exteusivi* totara forests, for rem.iins of trees lying on the ground have been 
frequently noted, as, for (‘xample, in the ('ameron Valley according to Mr. 
L. Wood (see also Monro, 1801) ; Buchanan, 1869). 

If Bueli a forest i*xisled, and oecu])i(*(l a wide area in the eastern sub- 
alpine and montani* bells of the Bouth Island, it seems almost impossible 
that it c*ould liave been altogether deHtroy<‘d by tire, as popular and even 
si'ienlific opinion has declanul (see Monro, 1861) ; Buchanan, 1869). The 
only feasible <'X])lanation, then, is that put forth by Speight— that the 
climate not vory long ago, geologically speaking, wiis more mcsophytic 
than at th(‘ presiuit tinn*. If the Itahaia Valley he alone considered, it is 
almost certain an advanc(» of th(» average western rain-line a few miles to 
the east would be followed by an advance of the present totara forest, and, 
altliough extending no further, it would persist for a long time after the 
climate had become xerophytic. On the other hand, a rainfall similar to 
that of the western Ralcaia has only brought Noihofagus cKffortioidcs forest 
in the western Waimakatiri district. 

((/.) Lake, Swamp, Bog, &c. 

The above seri(is of associations arc dealt with in this place because 
the climax association of a lake captured by vegetation is steppe, though 

, Trans, 
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the process is a slow one, whi(*}i, however, may he much accelerated ])y a 
stream depositing shingle, &c., on the lake-floor. 

* Lah, 

The most impoitant lake is Lake Heron, situated <it about (570 in. above 
sea-level There are several smaller lakes on the Upper Ashburton Plain, 
<dso tanis on spurs which were formerly overridden by the ice, as Avell as 
small ponds in various places. 

We have no details as to the "lake-vegetation beyond the fa(‘ts that 
Typka an (jusU folia var. forms the innermost girdle in some parts, and that 
towards the southern extremity of Lake Heron there is an extensive ('oloiiy 
of niggerhead, probably Carex secta, with tall and stout trunks. 

*♦ Swamp, 

On both sides of the so-called Lake Stream near where it issues from 
Lake Heron, and in certain places near the nrargin of the lake itself, there 
are extensive swamps which merge into bog and this into steppe. The 
water-content varies much at different seasons of the year, as likewise at 
times of heavy rain. Furtheimore, their ecology has been much moditied 
by burning and the trampling of stock. 

Two principal subassociations wore noted according to depth of the 
surface water — viz., Schoemnt pauciflorvs (deepest water), ternana 

(shallower water). 

At a distance the swamp appears of a uniform grey colour. It is 
traversed by various streams, and pools of water lie p(‘rmanently in many 
places. A close view shows that the grasslike (^trex Oaudtehaudiana is the 
most abimdant plant. The two subassociations differ in colour, Hchoenus 
fauoifloms being reddish and Carex ternaria green. On the surface of pools 
there is abundance of Banuncuhes rivularis, which may quite hide the water. 
Montia fontana, a species of MyriopJiyllum, and Epilobiuni macropm occur 
more or less abundantly in the streams. ScMzeikma nitons (creeping and 
rooting slender-stemmed herb with small trifoliate shining glabroiis leaves) 
is abundant where water lies and the light is suflicient. 

Bpilobium insularc, i^arex diandra, C. sfellulata, (\ Order i var. caiar- 
ractav, and Elaeocharis Vxnimmjhamii are common on the very wet ground. 

As the soil gets drier Mnzus radicans, its thin spotted yellowish leaves 
flattened to the ground, is abundant, and both Carrx termria and Hchornm 
pauciflorus are absent. Drier soil still favours the presence of Pratia amja- 
lata^ and probably hotoma fluciatilis, a creeping herb of similar growth- 
form, is present. The following are other plants of tlie boggy ground : 
Utticularia monanthos, Planiago triandra (rosette plant), Asperula perpmiJh, 
a species of Cotuhu Vioh Cunnmghanm, Luzula specu‘s (flat, red leaves). 

Finally, BuIbinelJa Hoeikeri var. angustifolia (summer-green herb with 
tuberous roots) is common both on wet and on dry ground, forming most 
noticeable colonies when in bloom with its bright-yellow flowers, but it is 
absent in the wettest part of the swamp. Also, this plant is extremely 
common in wet ground throughout the montane and subalpine belts of the 
district, and increases enormously after the vegetation is burnt. 

Siihagnum Bog, 

Only the hog connected with steppe is here dealt with ; that of the 
forest climate, and which elsewhere in New Zealand is related to fell-field 
and moor, was not examined. 
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Boi> surrouiidod by stoppo can ])o seen at various stages of dovelop- 
niont. Ill one place on Prospect Hill (about 900 m. altitude) the hollow 
cl(*<irlv indicates a former tarn in a rock-basin, but th(» whole is now Sphag- 
))vm bog, while in another place, close by, a lani is in course of occupation 
by bog. Let us first consider the tarn. 

Iliis, where it joins the bog, is about 30 (*m. deep. The water, then, 
will get quite warm on a hot summer’s dav. (rrowing in it is Eheocharis 
(Uuininghamii ? (slender rush form), (*arex icuiana (grasslike sedge), and 
tile Sphagnum moss grows out into the water, its margin unevenly undu- 
lating. With the advancing moss there is ScMzeilema nitens and tussocks 
of Schoenus paunflorus, the former also floating on the water just at the 
edge of the tarn. Drosera arctuii (small herb with short rootstock and 
reddish lincar-ligulate loaves furnished above with glandular hairs) and 
Carex steJluIata are amongst the first plants to settle on the Sphagnum, 
Tussocks of Danthonia Raoulii also come occasionally right to the front. 
The grassy and far-spreading Carex Gaudichaudmna is abundant, but it is 
a later arrival than any of the above. Other plants are Oredbolus pecti- 
naius (dense small green cushions of distichous stiff short linear-subulate 
leaves with broad equitant bases), Carex suhdola, Pratia angulata, Dtosera 
arcturi and Carex stelluhta are very abundant all over the bog, but there is 
much less tussock than on the older bog to be next described. 

The bog which has buried the tarn is made up of close masses of Sphag- 
num^ which for the most part is concealed by the grassy Carex Gaudichau- 
diana. In many parts steppe is virtually installed, as tussocks of Dan- 
thonia Raoulii arc dominant. Where these do not touch there are open 
spa(*es occupied by C. Qaudichaudiana, Bulbinella HooJeeri var. angusti- 
joha, Blechnum penna marina, some tussocks of Poa oaespitosa, Anisotome 
aromatica, creeping GauUheria depressa, a species of Polytrichum, Viola 
Cunninghamii, Schizeilema nitens and Ranunculus rivularis (where water 
lies), Cehnisia hngijolia, Epilohium chhraejolium, Ilelichrysum hellidioides, 
Wahknhergiu saxicola. Here and there, right on tho Sphagnum cushions, 
are rounded low bushes of Dacrydium Bidwillii, As is well known, the 
Sphagnum plants die below and are gradually converted into peat, while 
their apices continue to grow upwards ; and if the plants which have settled 
upon the moss are not able to grow upwards at the same rate as the bog, 
rooting at the same linu', they will be eventually bmied by the moss and 
killed. Thus on this partic'ular bog plants of the dwarf taxad, Dacrydium 
Bidwillii, exhibit various stages of burial, notwithstanding tho power this 
shrub has of extending by means of creeping and rooting prostrate stems 
furnished with spreading juvenile leaves. On the other hand, the rhizo- 
matous sedge, Carex Gaudichaudinna, can grow faster than the moss, form 
a turf, and check its upward growth altogether ; so that the moss in its 
turn is the vanquished. With the consequent drying of the ground, steppe 
is by degrees established, but it must be understood that the first-coming 
tussocks on tho bog-moss arc liable to burial, and a growth of these does 
not of necessity denote tho installation of steppe. 

t Growth-forma of Bog. 

The following growth-forms wore noted on the bogs of the district : — 

The number of species in the list of plants is 36 (35 evergreen, 1 summor- 
green). This would have been greater most undoubtedly had we reached 
the bogs (1,200 m. altitude) on Mein’s Knob. 


12 * 
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The growth-forms arc as follows : — 

Shrubs : Creepim/ and rootintj, 2, of which 1 is prostrate until subU naioau 
stem aji<l 1 bushy and 60 tm. or so tall. 

Herbs : (^iccpuuj and rooting, 21, of which 5 are c/iasshk(\ 1 nislilike. 2 
frequently aquatic with footing (oaves: wsefte lonn, 5; enct, 3, of which I 
is (jrasblile ; tussock, 3, of which 1 is rushidr (slender); eubliiou jouiK 
1 : prostrate non-rooting, 1. 

At least 70 per cent, of the species are also plants of steppe or olher 
dry habitats. 

Bog at a higher altitude, or exposed to greater snowfall — ?.c., to (*old(n‘ 
water — on an average is more xerophytic, and contains especially a highcj* 
percentage of cushion plants. 

Also, pure Sphagnum cushions in vigorous growth, thanks to th(‘ uon- 
acid rain-water absorbed by the upper suidare, will allow incsophytes to 
settle down which cannot tolerate acid peat (see Cockayne, 1910, p. 111). 

(/d.) ROCK PELL-FIELD SERIES. 

(1.) Geneiah 

The altitude of the upper line of the steppe is veiy variable, but pro- 
bably corresponds to a large extent with the Ime of the ancient valley 
glacier. It also constitutes the lower limit of the series of plant-associa- 
tions under consideration, which depends in large measure upon the pre- 
sence of an easily disintegrated lock, though it is governed to no small 
degree by altitude and climate. 

Under the influence of frost the much-jointed sandstones, greyw»U‘koB, 
and slates become rapidly disintegrated, the stone-fragments (too great in 
quantity to be removed by rain) accumulate to such an extent that great 
fields oi debris occupy almost the entire mountain-sui’faces for hundi('ds 
of metres. Here and there jagged masses of much-corroded rock jut out 
from the stone-fields and break the uniformity of the long grey even slopes, 
rirullies with more or less precipitous walls seam the mountain-sides, <i 
stream sometimes occupying their floors, the water issuing all on a sudden 
from the base of a great stone-field at the head of the gully, and perha])s 
as suddenly disappearing lower down beneath the ever-increasing mass 
of loose stones. From the above it is plain that the edaphic eoiulUions 
of the upper suhalpine and alpine belts are those of desert, and it is plain 
also that increase of altitude, irrigation by snow-water, strong nisolnlion, 
high winds, and occasional droughts help to increase the xerophytic cliaraeter 
of the plant-habitats during the vegetative period. 

Altitude and the average height of the winter snow-line, above which 
the snow lies from four to six months, { separates the area into alpine and 
suhalpine belts. 

The three following plant-formations occur, aiTanged in order of succes- 
sion : Rock, shingle-slip^ fell- field, 

(2.) The Associations, 

{a,) Eock. 

The following are the only special rock-plants ; Hymenophyllum villosum 
(filmy fern). Polypodium pumilum (very small fern with tufted leaves), 


{ This is undoubtedl}^ the outside limit. 
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Trisetum subspicatum (small tuftod pubescent ^vass), (Utrdamine depressa 
(small losette lierb), Volohanthis acicularis (small cushions of rigid glabrotis 
linear-subulate acicular leaves), Ilectorella caespitem (dense (‘ushions of 
small imbricated coriaceous leaves and thick root), E^imclcct Trarersii (small 
shrub with tortuous brandies and short thick glabrous imbricating 
leaves), Celmisia bellidioides (subshrub lorniing loose cushion of leaves in 
msetles), Baouha eximjn (very large dense loincntose-leaved cushioTi 
plant with woody main stems and stout woody deeplv dest ending root), 
Ilclichrysum qrandiceps (sliort-stennned subshrub with small imbricating 
silvery tomeiitose leaves), //. microphjllum and //. Maqo (tomentose cu- 
pressoid shrubs, moJ'e oi* less of < iishion habit). 

Also, the following are common rock-plants, thougli no( absolutely 
confined to rocks : lAiznla pumila (small ciishio]i), Vfroiiirn pinqaijoUa 
(decumlxuit low shrub with thick glaucous leaves), V. tetrastkht (dwarf 
x-upressoid shrub), V. cpacridea (decumbent shrub wdth imbrii'ating thick 
r< ‘Curved concave leaves). 

The rock- vegetation is scauty. Jt is most abundant on tlio shaded 
[)<jrts. The true rock-plants are cliasmophvtes. Wli(‘r(‘ there are deep 
cliinks and ledges peat forms, and then various plants of the felJ-fielcl occur 
— e.j/., Rrnuincuhis Monroi var. dnitatu^f Amsolontc nronidtica, AciplujUa 
Monroi, (Undthn in nipcatriH, Dracophfllum iosmarinijoUvon, Ilelichrjjsnm 
bcHidioidcH, Vehnkin spcclahilia, and sheets of IhjmenophifUum mnlt'ifidnm 
(hardly a tell-tield plant on a dry mountain). 

So far <is the true rock-plants arc concerju^d, they ar(‘ a category by thoin- 
seives, and have no relation to fell-field vegetation, but th(' remaindor can 
play their paii* in populating stone-fields. 


*• VeqdfibU-slieep tiuha'^sociutmu 

Where the rock is almost vvi'athered aw’-ay, and stands raised hero and 
there as a small islaml in th<‘ stony desert, it is freipiently occupied by the 
great cushions of Baoidia eximia 1 ra. or more in diamc^ter. This most 
ciuions shrub has exactly the same growth-form as its }n‘rl)ae(‘ous relatives 
of the river-beds. Then* is a c*entral main stem and a f(‘W primary woody 
branches radiating therefrom wliicli branch n^peatedly, the secondary 
branch(*s and iliose which follow having a temhmey to grow upwards, and 
this is assisted by the frequemt branching and ('onseqiumtly increasing 
density preventing their otherwise horizioiital extension. The closeness of 
growth, tliroiigli cutting oft tlie light, (*auses the deatli of all the interior 
leaves and many of the stems, so that only the stouter remain, the inter- 
spaces becoming filled (dosely with a sticky raw humus into which the ulti- 
mate braiudios send abundant roots. The only living leaves are those 
pressed closely to the shoot-axis for a few centimetres near the apices of the 
ultimate branches ; they are narrow-obovate, 3 cm. or so long, and densely 
covered near their apices with white hairs which stand almost erect. The 
shrub as a whole forms a great hard cushion, the ultimate shoots being 
pressed together as closely as possible. The interior p(»at oven in the driest 
weather is soaking with water, and it is probable that the plant gets its 
chief food and water supply from this source, the main root, sent fur into 
the rock, serving principally as an anchor. 

Certain of the fell-field plants may grow upon the (‘ushions, thanlcs to 
the wet raw inimus contained therein. 



358 


Ttan^acfio/i'i. 


(Ik) Shiugle-slip. 

^ Oenaal 

The edapliic distinction betwcii slnngle-blip and icll-fiold in tlic 
fact that the loimei consists altogetliei* oJ loose stones lying at so sleep a 
slope that those oi the uppermost layer move downwards fiom time to time, 
wheieas the stones of the fell-field are in a much more stable position, and 
there is generally a considerable percentage of true soil. This instability of 
shinglc-slip has led to the occupation of this land-form not merely by cer- 
tain growth-forms, but actually by distinct species which do not occur w 
my other formation. Furthermore, the plants arc distant so far from one 
another, and the general plant covering is so scanty, that it plays no part 
worth mentioning in adding humus to the soil, while the formation is dis- 
tinct in itself and has nothing to do with the installation of fell-field. It is, 
in fact, a definite vegetation entity whose life-history it is now impossible 
to examine, and whoso origin is wrapped in obscurity. 

The shingle-slip species are confined to the South Island, f and the 
majority to the drier moimtains of the east. The following is a list of those 
found in the Arrowsmith district in its widest sense: Stella) ia Roughn 
(Caiyophyll.) ; Ranunculus llaasth\ B, o ithmifoUus, B, chonlothizos (Ranunc.) ; 
Notothlaspi rosulatum (Crucif.) ; Acaena glabra (Rosac.) ; Swainsona novae- 
zealandiae (Lq^vjsi,) ; Epibbium pycnostachyian (Omgmc .) ; Anisotome carno- 
sula (XJmbell.) ; Myosotis Tmve)8n (Borag.) ; Lobelia Rouqhii (Campan.) ; 
Veronica Haastii (Scrophular.) ; Ilaastin Sinclairii, C rasped la alpina, Cotula 
ntrata (Compos.). 

The following are also frequent members, but are not confined to shingle- 
slip : Claj/toma australastca (Portulac.), Anisotome filifolia (Umbcll.), 
Ve7'onicn tetrasticha, F. lycopodioides, T, epacridea (Scrophular.), 

Gtoivili-fo) m. 

The shingle-slip plants afford a most admirable example of convergent 
epharmony. Nearly all are summer-green low-growing or prostrate herbs, 
vdih the leaves more or less in rosettes, though these are frequently masked 
through the stems, which have the power of lengthening as buried, being 
covered with debris. The leaves of almost all are fleshy or coriaceous, 
glabrous, glaucous, and almost the colour of the stones, and in some cases 
very deeply divided, the bending-together of tlie final segments much 
reducing the leaf-surface. IJaastia Sinclai)ii and C}*asppdia alpina are 
densely woolly, the latter, clothed with long snow-white wool, being osp(‘ci- 
ally noticeable. The species of Banunculus and A)moto)}\e ca}nosula have 
stout fleshy rhizomes ; Lobelia Roughii and Swainsona slender but far- 
spreading much-branehiiig stems creeping amongst the stones. Notothlaspi 
rosulatum is annual or biennial. 

The texture of leaves and stems is such as to withstand the blows of 
sliding stones, and the plants as a whole can grow upwards, as buried, after 
the manner somewhat of dune-plants, though, of course, to a much lessor 
degree. 

*** Erohqicftl Conditions, 
t Edaphic. 

The soil consists of loose angular fragments of stojic, frequently quite 
small, lying upon one another, and the slope of the surface is so steep that 

slip spathulata of scoria sloxies in the central volcanic plateau has a shingle- 



SpjiirjKT, CocKATNR, Latn<j. — Mo>nif Arroir^wifli District. 359 


the stones are very liable to move dowiuvards, eonsiderable breadtlis of tin* 
uppermost layer frequently slipping eyi masse. In some places there is 
little finer soil, but generally there is a good deal of sandy dehris, and not 
infrequently a certain amount of sandy clav, especially at some distance* 
below the surface, where the ground is more stable. 

Although the stones are cjuite drv on the surface, at <\ depili of a lew 
centimetres they are damp, and lower still t licit* is ainjile moist are available 
for deep-rooting plants. 

Movement of the stones, tJie most important distinguishing feature of 
the soil from that of fell-ficdd, is much less near the* sidc*s of the shingle-slip 
than elsewhere, and there sufficient stability is provided for plants other 
than those ol the true shiugle-slip formation to settle down. 

The looseness of the surface acts as a “ dry mulch ” and pr<*vents evapo- 
r.ition fiom below. 

ft Climatic. 

The general climate is, of course, that of the district and the altitudinal 
belt. The special climate depends upon lack of shelter, and consequently 
great exposure to wind ; strong radiation of heat from the stones ; powtuful 
heating of the stones themselves ; and occasionally v(‘ry bright light. Wit hin 
the space of a few hours tile ])lants ai(* fre(]uently siil)j(‘cted first to a burn- 
ing heat and then to considerable frost ; one hour they may be surromided 
by a moist atmosphere and the iu*xt exposed to a strong dry wind. In 
winter thev are covered by snow tor four months or more, but this covering 
is of little moment to the summer-green h(‘rbs. Shortly after the snow has 
melted the leaves appear above the stones, and even by the beginning of 
November Veronica epaoidea may be in bloom. 

(c.) Fell-field. 

* General. 

Warming’s description of fell-field (1909, p. 256) might have been written 
on a New Zealand dry mountain : “ Tli<* soil is never completely covered 
by plants. One individual stands here, and another then* ; between them 
we see bare, stony, sandy or clayiw soil, which is devoid of humus and 
determines the prevailing colour of the landscape.'” An English unm<^ was 
much ne(*d<‘d for this formation, previously calli‘d bv (^o(‘kayne alpiiK* 
meadow” (1900, p. 128), and a combination of '‘fell” — a barren or stony 
hill, and “ field ” a wide expanse, chosen by Groom as tin* English equi- 
v.ilent of “ fjeldmark,” se(‘ms to us to meet the case. 

Fell-field is poorly d<‘vi‘l()p(‘d in many parts of the* Arrowsmith district, 
and forms patches or linos, oasis-liki*, in the deseii of unstable stones. 
It commences by a few plants settling on the stabk* margin of the shingle- 
slip or when* the stone-field happens to be flat, and ns soil is slowly formed 
so do the species increase in number, but never make here a closed forma- 
tion. At it.s lowest limit steppe and fell-field merge into one another, and 
are not distinguishable ; even to quite a high altitude occasional tussocks 
of Demthonia fiavescens are present. 

The following are amongst the earliest plants to occupy the stable 
debris : Danthonia semiannularis var. setijolia, Actiena Sanguisorhae var. 

Fimelea Lya^lii, Epilohium sp. (formerly merged with E conferti- 
folium) Hydrocotyle novae-zelandiae, Anisotoyne aromalica Qaulih&riw 
rupestris, JDracophyUmi rosmarinifolimn, D. unifolkm, Pratia ynacrodon, 
Phyllachne Volensoi, Forsbra BidwilJii Brachycome Binclaim, Celmisia 
discolor, (\ spcctabilis, Ilclichrysmn bellidhides, and VoUda pyrethrtloHa. 
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Oelmma viscosa, Vnwiica puh)}ian*<, Luzufa pumt’a, nni] Pfnjlfarhnr 
Volensoi arc virtually confined to tho alpnic l)eU. 

(irowlh-fi ) m'i. 

Our lisi of eastern fell-field planiw in too rueaare to warranl a (l(*taile(l 
iiujuiiy into the i:»rowlh-ft)rnia, and sm‘li ^vouI(l he nnsleadint». Suffici' it 
to say that there are r(‘i)reBenled ncvpiHtf (ml iootimj sJunba, stths/nubs amf 
lurhs, herbs and ,^ubsh>itbs of the cushion form, rosette plants, and tnssoek- 
fpas^es, while xerophyt.e atru(*ture of many kinds s exhibited. 

tC.) Forest-climatk Formations. 

(a.) GENERAL. 

The very much greater rainfall and the increabe in number of rainy 
days lead to a more rapid growth and speedy establishment of speci(‘rt, 
together with a much closer plant covering, than does the steppe clima1<‘. 
Likewise there are much more extensive fonnaiioiib of trees and shnilis. 
The formation and accumulation of raw humus is strongly favoured-- so 
much so, indeed, that even rocks may be covered with a true soil, and be<ir 
a fairly dense and Ti(*h plant covering. On the other hand, the winter 
snowfall is greater, and th ' proximity of pennanent snowfields and glacioib 
are counteracting fai-tors. 

(fi.) THE RO(^K-rOREST SERIES. 

(1.) GenemL 

The sequence of events in tho succession of the plant-associations in the 
Upper Rakaia Valley can be well seen on the northern 1)ank of the river, 
takmg the mouth of the' River Louper as a central point. J 

Thus, “ Bare rock is the first. Its disintegration leads to shingle-slip, on 
which special shingle-slip plants, or those of rock or fell-field possessing 
suitable adaptations, can settle. These prepare the w^ay for fell-field, and 
this in its turn may give place to forest by way of scrub at the lowest alti- 
tude. 

“ At the bame lime reversion frequently occurs, and there are (‘xcelleiit 
examples to be seen where forest has been destroyed by a shingle-stre«un. 
Recolonizing ensues, the plants coming from those close at hand. On the 
south side of the river the process is also in progress. Here a dehcondiiig 
stream of stoncb luib cm a path through the forest. Shingle-slip plaiitb 
come first, then a grassy fell-field, w’hich is replat*ed hy shrubs, and lh(‘se, 
at a suitable elevation, l)y forest."” 

(2.) The Associations. 

(a.) Rock. 

Although plenty o' the alpine rocks bear an abundant plant covering, 
this does not betoken a pioneer association, but is much younger than 
a good deal of the vegetation adjoining, many of the species depending on 
the peaty soil and having probably come by way of the fell-field. 

The rocks examined were at an altitude of from l,28(>m.to 1,390m. They 
wore covered in places with a good deal of raw humus. The species noteJi 

i What follow^ ito almost word for word horn iiotcb writteu by Cockayne on the 
spot. 
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wiMo : Oaultheria mpesfris (small erect tliick-leavccl sliriib), Draeophj/Uum 
Kirl'ii (small prostrate shrub with stiff (‘oriaccous crowded leaves), Ildi- 
chrifsum qrmdiceps (subshrub more or less erect, leaves small, nnbrieatiiif>, 
silvery, tomenlose), Senecio Bidwillii (stiff-branched shrub with very thick 
leaves tomentose beneath), Coprosma sermJaUt (shrub eri^opin^* Ixuieath the 
surface and rooting, its leaves moderate-sized and stiff) — the above may 
b(‘ called rock-plants, though all occur elsewhere ; Danfhonia favcscens, 
Bnnunculus Lyallii, Anisotome JlaaHii, A. pilifem, Aciphjjlh (\densoi var. 
maxima, Dracophylhm Uivillcanum var. montanum, (U)prosma ctineafa, 
Celmisia f^inclairii, C. cormcco, C, petiolata — all of wlii(*]i arc plants of the 
fell-field. 

(b.) Shinglc-slip. 

The most imporl<int shiugle-slips are those which descend to the valley 
glacu*is, cUid where alone succession can be accurately invc'stigated, but 
owing to various causes there was no oppoi*tunity for examining such. 

The only shingle-slip studied consisted of rather large stones, and was 
mu(*h nioro stable than those" <ilready described for the steppe climate. 

The earliest plants to oc'cupy the stony ground app(‘ar to be Epih- 
Hum pycnostachyum,X E, melanocaulou (at the lowest altitude), E, (jhbclhm, 
MueMenbeckia axilla) is, Helichrifsum bellidwides, Veronica Bidwillii, Benecio 
lautus var. montanus, RaouUn temiicaulis — a combination very similar to 
that of river-bed, since the stabilitv of tlie slip renders the station very 
similar. 

Very soon the grass Poa amrps var. makes its appearance, and forms a 
deep carpet, cpiitc hiding the stones, and by the groat amount of dead 
matter it produces makes much soil and encourages various fell-field plants 
to settle down. Shrubs iuvado the shinglc-slip, and capture not only the 
grass but even the stable stones, and herbaceous plants come in early, 
especially millefolimL Viola Ouminqhamii, and Genmium mioo- 

phyllum, so that scrub or fell-field, as the c*asc may be, is established. 

{c,) Fell -field. 

Spfcuf^, <0< . 

The plants arc fairly close, in some place's growing into one another. 
Tussocks of Daulkonia flavcsrens arc" dolled about, iis also clumps of Phor- 
mium Cookianum and low ro\mdc‘cl grc‘eii busJies of Veronica snbalpina. 
Bammulm Lyallii forms large coIouk^s, its massive rhizomes hardly below 
the surface, .uid iis gn^at glossy green peltate bravos raised on stout petioles 
30 cm. or often more in height. There are tall Fttccci-like plants of /fcf- 
phijlla Colensoi var. maxima, Tlie following herbaceous plants of consider- 
able dimensions are common : Celmtsia (oriacea, Anisolomc Ilaastii, Astelia 
montana, C, Sinclairii, PolysticJium vrstitum. The stout low-growing 
shrubby stifi-leaved (Joprosma serruhta, spreading by its miderground 
stems, is abundant. Other plants belonging to the association are Hypo- 
lepis milUjolimn, Trisetum Youngii, Hierochhe Fraser i, Poa anceps var., 
Viola Cwnnimjkamu, Acaena Sanyuisorbae var,, Taraxacum glabraium, 
Senedo scorzoneroides, Copromm ramuhsa, the shrub (Jarmichaelia grand)- 
flora (often abundant), Geranium microphyllmn, Coriaria angusiissima, 

J The only true hhingle-sli]) s])oeieH; but shingle-sHp plants are virtually i‘oniiiied 
to mountains With a steppe climato. 
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At 1,390 m. altitude, where the ground is rocky, the erect needle-leaved 
shrub Draco phyllum XJnnlleanum var. inontonum, distinguished by its brown 
coloui*, IS very plentiful, associated with tussocks of Danthonia flarescens, 
and mixed with them the large-leaved herbaceous plants, the whole making 
a closed association. 

On some of the Eakaia fell-fields there are wide stretches of Ramncvlus 
Lyallii mixed with Ourisia macrocaipa, and I suspect there would be also 
plenty of Ranunculus Qodleyanus, but there was no opportumty of ex- 
amining such a combination. 

0)owth-fonns. 

The growth-forms of forest-climate fell-field differ from those of the 
steppe climate chiefly in the presence of a much more mesophjrtic element, 
with leaves sometimes of great size — c.//., Ranunculus Dyalhi, Ourisia 
macTocarpa, Anisotome Haastii, Senecio scorzoneroides. But xerophytes are 
not absent— e.gf., Aciphylla Colensoi var. maxima, P}iormiun\ Voohianum, 
Astelia montana, Celmisia coriacea, C. Smdairii — though such as these are 
not to be compared with Celmisia Lyalhi, C. viscosa, or C. pseudo- Lnj alii i 
of the drier fell-field, also large plants. At above 1,500 m. doubtless, as in 
fell-field in general, true xerophytes increase in numbers, but so high an 
altitude on the moimtains of the forest climate was not reached. 

(d.) Subalpine Scrub. 

♦ Oeneinl. 

It has been already seen that a good many shrubs are present on fell- 
field or rock. It is only necessary for ceitain conditions to prevail and 
the shrubs will get the ascendency and scrub be installed These conditions 
are probably an altitude of not more than about 1,200 m. (with which is 
connected a snow-covering of shorter duration than at a higher allitude), 
shelter from the more intense winds, a soil containing a considerable per- 
centage of humus. 

Subalpine scrub occurs on old river-terrace, moraine, slopes near the 
source of rivers, and as a belt on the hillsides, frequently between the upper 
margin of the forest and the fell-field. 

The general character of subalpine scrub has been bufficieiitly described 
by various authors (see, e.r/., Haast, 1866 ; Green, 1883 ; Haiper, 1896 ; 
Laing and Blackwell, 1907 ; Cockayne, 1906, 1909, 1910;. That of the 
Eakaia, as Haast first pointed out (1866), is of a maximum density. Tli(‘ 
roof is fairly even ; its dominating colour is green, but there are maii v 
patches of browui. Its height varies according to altitude and exposures 
it being tallest on river-bed, in gullies, and at its lowest altitude. At 
1,000 m. elevation it may average 1-8 m. The shrubs ginw into one another, 
their stiff ox rigid branches frequently stretch horizontally down the slope, 
the scrub as u whole being in places virtually impenetrable. 

Composition. 

The following were the species noted : Folystichum vestitum (Fil.) ; Podo- 
carpus nivalis, Pkyllocladus alpinus* (Taxac.) ; Clematis australis (Eanun.) ; 
Garmichadia grandiflora (Legum.) ; Aristotelia fruticosa (Elaeocarpac.) ; 
Oaya lyallii (Malv.) ; Nothopanax simplex, N. parvum, N. Colensoi (Araliac.) ; 
Griselinia liUornlis (Comae.) ; Aciphylla Cohnsoi var. maxima (Umboll.) ; 
Archeria Traversii, JDracophyllum longifoUum, D. Urvilleanum var. morUanum 
(Epaorid.) ; Veronica salici folia, F. suhalpina (Scroph.) ; Copro^ma serrulata. 



SrJ3i<iHT, CodCAYM:, 1jAin(j — Mount Arrnwsunfh Distnct. 3(>3 


( \ cihala. (\ patviflora. (\ ruyohu (Riibiac.) ; Olean’a uifida, 0, macnxlonta, 

O. iliciloha, 0, nmumuhujoha, Vas^siuia 'Vuamlhe)su, iSmecw casai monies, 
S, elacaqnifoUus (Comp.). 

The “ normal ” forms of serul) plants are much modified by the 
met'hanical action of wind and snow, and it is to the dwarfing, the horizontal 
spread ot branches, and, above all, the dose intermingled growth that the 
scrub maintains its position lather than to any special growth-forms of 
the constituents. This is admirably shown by tJi(‘ forest-tree Noihofagus 
eliffortioides, wliicli, like the ecologically equivalent Pin us montmui of Europe, 
can assume a scrub form, and so make a special type of subalpine scrub, 
as in the Nelson mountains. 

Kegaiding the Eakaia shrubs, all except two aie ecergreeu. The shrub- 
(ompohite form, the (Uvancatiuq fonu, the ball-HKe form, the creephuj and 
looting /otm, the bushij jorm, the Dracophyllutn jorm,% are all repiescnted. 
Nearly all have stiff, coriaceous, or thick leaves. The leaves of six arc 
tomentosc ; of two erect, needle-like, isolateral or nearly so ; of nine quite 
small. Ill short, with the exception of the deciduous clement, Veionica 
salicifolia and perliaps V, subalpina, the leaf-form and structure is xcrophytic 
or subx(n*ophyiic. Clematis aitshahs is a tendril-climber, with much-divided 
rath(‘r thick leav(‘s. The other lianes occur in the scrub of the river-bed. 

(c.) Subalpine Totava Fori'st. 

.AlIi association in which the totara (Podocarpus Ilallii, and perhaps 

P, total a also) is the dominant tall tree occupies the base of the mountain- 
slopes oil both sides of the Kakaia Valley, extending on the sunny side 
to a higher altitude (perhaps 970 m.) than on the shady side. Only the 
forest on the southern side (sunny side) of the river was examined, it being 
impossible to ford the river on foot. 

The formation is the same as that composing the upper forest of West- 
land extending from the Taramakau Valley to the River Paringa, but it 
differs considerably florislically. 

The association under consideration changes considerably both floristic- 
ally and ecologically according to altitude*, the lower and upper poitions 
e'onstituting respectively two subassociations. 

The lower forest contains the following species which are wanting (or 
rare) in t.he upper forest: Asptenium Jlabelhloliim, Carpodetus serratus, Pitto- 
sporum temn folium, Hopliora micropkylla. Fuchsia excorticata, Pseuiopanax 
crassi folium. 

lippti JPoKst {ToUoa-Knu'nkti tSubfihbOciation). 
t C^haiacter. 

The uiiper forest (see Plate Ml, fig. 1) is distinguished by the presence 
of lAboceirus Bidwillii (kawaka) as a tall tree, in addition to the totara ; 
by the presence of certain members of the subalpine scrub, which, shrubs no 
longer, have now the form of small trees ; and, above all, by the generally 
horizontal trunks of these latter. The floor is covered in most places with a 
tall growth of the feni Polystichum veslitmi. Moss mantles are abundant 
on the horizontal trunks and branches. 

j: Nakwl Htitl sl(*uis, often nioie or less tastigiate ; loaves long, grasshke, in erect 
lOboties at the apiees of the t^igs, and frequently almost isolateral. 
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1 1* Composition. 

Tall tiees : Fodoca)ims Uallu, Liboudms BidwiUiL 

Moderate-Rized and small trees Phyll dadub alpinus, (ruya LyalKi.i 
G)iseli) 7 W htloiahs, Buttonia divancata, Vetonica baliciloha, Copwbma Umm- 
jolia, Oleatia ihajolia, Scnaio elaeagni Johns, 

Shrubs : Polystichum vebtitum^ Phjllocladas alpiniis, Gaya Lyalin, Ans- 
totelia Jruticosa, Suttonia divaucata, Copiosma cihata, (\ painfiam, C, ciotf- 
ata, Vtronka salicifoUa, 

Lianes : Ruh^ls schmtdelioides Tai*. eohiaitns. 

Epiphytes : HymmopJiyllum sanfjuinolentnm , Asplenium factidum, Lycft- 
pjdium Billardieii, Senecio elaeagniuhus. 

Parasite : Tupeia antarctica^ on Gaya Lyalin, 

ttf Plij siognomy. 

The forest is made up of three tieis — viz., the tall trees, their heads ol 
foliage distant ; the smallei trees, their heads closer, but the forest-roof 
as a whole open : the closely growing short-trunked layer of Polystichum 
vesittum. In addition to the above, especially where there is a maximum 
of light, there is a discontinuous tier of more or less straggling divaricating 
shrubs. On the ground where there is space there is abundance of seedlinga 
of Gaija Lyallv and a few floor-plants — c,g,, Asplenium Rwhardit Epilohium 
b'nnaenides, Hydiocotyk novae-zelandiaei and Vneinia uncinata. 

The leading physiognomic feature is the horizontal and semi-horizontal 
thick and most irregular trunks of the small trees, especially the composites 
(see Plate VII, fig. 2), with their long depending strips of papery bark, their 
naked branches, which finally branching several times, candelabra-liko. fonu 
a spreading open greyish-coloured head. 

The trunks are frequently much moss-covered, but, although there may 
be tlnck masses, these can hardly be called cushions, as compared with 
those of Westland, Stewart Island, &c. 

tT1t Ecology. 

The soil consists, so far as it was examined, of an upper layer of loosi* 
humus some 12 cm. deep and full of roots, succeeded by stones (old shingle- 
slip), into which a good deal of the finer humus has penetrated. This uppei 
layer holds and stores water, and the network of roots shov's how important 
a part its power to do so plays in the economy of the foiest, and how de- 
pendent this is on the frequent downpour— ^hut it is, in fact, a true luin 
forest. 

The general more or less horizont«il habit oi the composite trees and 
Qriselinia Httoralis is very striking, and doubtless to be correlated witii the 
mechanical action of the wind, though certainly there must bo an hereditary 
tendency to respond to the wind-stimulus, as Cockayne has already sug- 
gested from obserc^ations on seedlings (1904, p. 254). flow greatly the 
ecology of a formation depends upon the formation itseH— that is to say, 
how a formation when established brings a change in its own environment 
— ^is here illustrated by the remarkably luxuriant growth of so many of 
the components. Thus the usually densely divaricating shrub Suttonia 
dimrioata becom^ an erect tree at least 6 m. tall and 57 cm. in diameter, 
bmncl^g above into a small head of “ weeping ” slender twigs. Coprosma 
Ima/riifoKa measured in one instance 66 cm.§ in diameter at the base of its 

t * plan* la mentioned under two heads it moans that it lias two growth-fonns. 

^ Kirk (1889^ Pr 187} gives 9 in. (22*9 am.) as au oxtieme size. 
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flunk. Oharia ihcijolm was noted a& quite 12 ni. tall, and its trunk 71 cm. 
in diameter, a truly remarkable size for a tree composite. 

The hotiaviour oi Uatja L/fallu within the forest is a matter of interest 
which still requires a sali&laetoiy explanation, our remarks below notwith- 
btandinj;. In nou<* of the younjj* plants examined, which f^rew upon the 
forest -lloor, was tli(‘ main stem at lirst erect; on the contrary, it was 
prostiati' for iminy (entimetres, putting down roots into the loose sub- 
stratum. Ill nearly all the plauts examined the apex of this creeping stem 
VMS damaged, hut it })u1 lorth erect blanches which ultimately, as examina- 
tion of many plants at diffi*rent stages proved, became the final trunk. 
Leaning trunks of Gaj/a put lorth rapidly growing erect stems (suckers), 
which would finally resemble timiks. How fai the floor of moist loose 
humus and semi-decayed leaves, which certainly would favour the pro- 
duction of a-dventitious roots, which by their pull would bold the shoot to 
the ground, is responsible for this primary creepmg and rooting habit it is 
liaid to say. Other shrubs of this association show the same pheno- 
menon --cay. , Anstoteha frulicofta, “ normally” a dense divaiicatmg slnul), 
an example of wluch was noted with the basal d cm, prostrate and rooting, 
then the succeeding 5 cm. raised from tho ground but still almost horizontal 
and giving ofl two vertical branches, and finally 3*6 cm. bending upwards 
until erect. Thi' cases already cited by Cockayne (1908) of Styphelia fasch 
culata and Mijtlm pcHnnculatu, both “ iiormallv” erect shrubs, but on the 
moist mossy floor of the subalpmo forest of Ruapehu being creeping and 
looting plants, not erect at all, are analagous examples. 

The divaricating shrubs are not nearly so dense as in the open. C’o- 
p)osm<t pa)viflomi for example, has in this forest several stems which aie 
quite without branches for the lower two-tliirds, when they arch dow^n- 
wards and branch abmidaiitly, this growth-form reminding one of the usual 
mesophytic habit of foetidissimn, plants generally quite dissimilar in form. 

The inoss-( lad horizontal trunks favour the presence ol epiphytes, Senccio 
efaeagnifoUuit especially following this manner of growth, and attaining 
a remarkable size. As tlie plant increases in bulk the moss no longer 
supplies enough water, and tho roots lengthen, pass downward, and enter 
tho soil. Finally such roots may grow together and make a trunk. Many 
of the trees of Omtvluiia liUoralis and Okarla ilioijoUa have also originated 
111 this maunor. 

The two tall trt»e& may both be considered xeropliyt(*s. Both can 
tolerate physiologically dry stations wet peaty soil ; but Podooarpvs 
IliiUii - nor P, toum, (or that matter - does not appear capable of enduring 
a steppe climate, or, in oth(‘r words, they are not iound at present under 
such xorophytic. conditions as is Nothofagus cliffortioides. So far as form, 
leaf-structure, and so on, are concerned, there seems no reason why the 
tolaruB should differ in their reijuircmcnts from the beech. Certainly the 
Noihojagm is more plastic ; it can more readily change its form accord- 
ing to circumstances; it is on the borderland of the deciduous habit; 
and as a forest it has wonderful powers of rejuvenescence, thanto to the 
shade-tolerating power of its seedlings. The above would give it an ad- 
vantage over P. totara or P. Eallii, but in addition, as in many other 
plants, there are physiological distinctions not recorded, or not yet 
mated, in form or structure which determine the habitat-range of a species. 

As for the totara forest of the Rakaia Valley as a whole, it is altogether 
more mesophytic than is the N. cUffortieddes association, and must be dassed 
with rain forest. 
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4. THE ELOKISTIO BOTANY. 

(A.) Notes on various Spe<tes. 

The number of species noted (357) most certainly does not represent 
nearly all that must occur in an area so lar^e and diversified, *md future 
observers cannot fail to much extend the list. At the same lime, it may 
be pointed out that the steppe, owins; partly lo its climate and partly to 
the constant g,rass-fires, is ^stinctly barren, while the adjacent subalpine 
and alpine belts consist chiefly of dry rock and shingle-slip, stations hostile 
to plant-life. ‘ Further, so far as that part of the district with a forest 
•climate is concerned, only the sunny side of a small portion of the Rakaia 
Valley, the poorest in both flora and vegetation, was examined, wliile the 
examination was but a cursory one. 

(1.) Luzula ulophylla (Buchen.) sp. nov. — L, racemosa Desv. var. ulo- 
phylla Buchen. in Oesterr. Bot. Zeitschrift, p. 245, 1898. 

An excellent description is given in Cheeseman's Manual, p. 738. Th(' 
plant can be recognized at a glance, and certainly is one of the most distinct 
forms of the genus in New Zealand, as Cheeseman has already pointed out. 

(2.) Bulbinella Hookeri (Col.) Benth. and Hook, f., var. angustifolia 
var. nov. 

In omnibus partibus typo minor, non autem glaucis, superiore super- 
ficie fohi concava, racemo quam typi breviore, densioreque. 

South Island : Common in the east of Canterbury and Otago. 

This is the common form of the steppe climate of the South Island. 
The leaves are concave on the upper surface, green, thicker and narrower 
(1-1 cm. at basej than those of the North Island and w^estem Nelson plant 
(the type), which are flat, broad (3 cm. at base), and glaucous. The raceme 
is altogether less open than in the type, and the flowers are smaller. Seeji 
side by side the two plants are most ^stinct, and can be separated at a 
glance. We are indebted to Mr. T. Keir, of Rangiora, for first pointing 
out the great difference between the two forms ; in fact, he considered— 
and with much justice — that they were distinct species, but we hesitate 
so to treat them in the absence of a large seiies of specimens, 

(3.) Epilobium confertifolium Hook. f. 

The above name w’as restricted to the plant ol the New Zealand sub- 
antarctic botanical province by Cockayne in 1904, and Cheeseman in 1909 
has come to the same conclusion. This leaves the New Zealand forms 
hitherto referred to this species without a name. Of these forms there aie 
probably more than one to which Ave are inclined to accord specific rank, 
but think it best to defer so doing until examining more abundant mate- 
rial, and, above all, testing their fixity by cultivation. 

(4.) 1. Anisotome Haastii (F. Muell.) comb. nov. = lAgusticum Haastii 
F. Muell. ex Hook. f. in Handbk. of N.Z. Flora, p. 95, 1864. 

2. Anisotome filifolia (Hook, f.) comb. nov. = Ligusticum filifolium Hook. f. 

in Handbk. of N.Z. Flora, p. 95, 1864. 

3. Anisotome carnosula (Hook, f.) comb. nov. = Ligitsticum carnomlum 

Hook. f. in Handbk. of N.Z. Flora p. 96, 1864. 

4- Anisotome pUifera (Hook, f.) comb. nov. = Ligusticum piliferum 
Hook. f. in Handbk. of N,Z. Flora, p. 96, 1864. 
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Cock<iyn(‘, iol lowing Bontha-in and Hooker, has in all liis recent papers 
leferved ibo Now Zealand spccios of Ligusticum to Adphylla, But, as 
(licoaeunni points out (1009, p. i()8), this latter genus is best limited to 
the Aciphijlhw proper, ,i most distinol group, and if it be thought correcl 
to limit Ligusticum to the northern species, then Hooker’s genus Amsotome 
might well l)e revived for th<' reception of the southern species. This 
course \ve hav<' takiui, since we consider Ani^otome a true antarctic genus, 
noiwitlistanding, as in the cases of Nothofagus, Nothopanax, and Celmisia, 
it has a strong northern alfinity. 

(5.) Nertera species. 

The species of Nertera in the list, which occurs also on bogs in the Wai- 
makariri Valley, differs from N, d&pressa in its orange-coloured pyriform 
drupe, that of the latter being globose and rod ; but we have no material, 
and arc writing from memory, so are unable to give a name and dobcription 
to the plant. Probably it has hilherto been mistaken for N. depressa^ &mvQ 
the drupes on being dried would lose their distinctive shape. 

(6.) Olearia arborescens (Forst. 1.) comb. nov. = Sohda<jo arhorescens 
Forst. f. in Prodroimis, p. 298, 1786. 

This is the well-known (K nitida Hook. f. in Handbk. of N.Z. Flora, 
p. 125, and it is a great ])ity the name has to be changed in accordance 
with the rules of botaniiMl nomenclature. 

(7.) Celmisia spectabilis Hook. f. 

A very distinct form was common on Prospect Hill. This is dis- 
tinguished from the typo by the leaves being not “ entire or minutely 
serrulate ” (C’heesoman, 1906, p. ;308), but coarsely and distantly toothed 
almost to the base. Young leaves on a cultivated exixmple exhibit the same 
toothing. 


(B.) List of Hprcies. 


SpreuM, Kanuly, *V<‘. 


Plaiit-Assooiatlou. 


n’I5iaL>()l»HYTA, 

FiI.K'MS. 

Hymiuophj/lluw Mjntfuinoli ntum (Forst. h) Sw. 
ntlohmn Col. 

- — tnnhridgpim (1j.) 8m. 

multifidum (Forst. i.) 8w. 

Ahophilit (Jolcmoi Hook. f. 

Gyhtopteria fragilis (\j.) .. 

Eypolepih miUe folium Hook. 

EistiopterU incim (Thmib.) J, 8m. 

Pt&ridiuyn eaciilentum (Forst. f.) Cookayuts 
Blechnuyn penna marim (Poir.) Kuhn 

oaptma (L.) 8oMcht. 

Aaplenium flabdli fell urn Oxv, 

Eichardi Hook. f. 

flaccidmn Forst. f. 


Totara forest. 

Pock, Hubalpiue. 

. . Tolara forest. 

. . Hock, aubalpino. 

. . Subalpino scrub ? 

. . Stony ddyria in montane bolt of 
btoppo climate. 

. . NotJbofagus forest. 

.. Subalpino scrub, where it had 
been burned. 

. , Nothofagus forest ; steppe ; fan. 
. . NoOiofagua forest. 

. . Totara forest. 

. . Kook (steppe climate) ; totara 
forest. 

. . Totara forest. 
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T ranaactions. 


List of ^vi&cm»i—<ontinn€(L 

Specicb, 'Family, Ac. inaut-assooiation. 


Polystichum vestituin (Forst. f.) Pi’osl. 


cystoletjia (Hook.) J. B. Armstu. .. 

Poly podium BiUardUri (Willd.) C. Chr. .. 

pu tit Hum (J. B. Armstg.) Cockayne 

Ophioylossum cormeeum A. Cuiin. 

LYC0P0DLVCEAJ5- 
Lycopodium Bdago L. . , 

mrium R. Br. . . 

acarioaum Fovst. f. 

.SPERMOPHVTA. 

Taxacead. 

Podocarpua HuUii T. Kirk^ 

hivedia Hook. . . 

Dacrydium BidwiUii Hook. f. 

PhyUocladua alpinua Hook. f. 

PiNACBAE. 

Libocedttia BidwiUii Hook. f. 


Debria boloM’ rock (ato])pt‘ cli- 
mate) ; totara iorost ; iiotho- 
fayua forcht. 

Stony dd)ria (stabh* and large), 
alpine. 

'Uolara forest. 

Rock, subalpine. 

Steppe. 


FcU-Hcld. 

Totara forest. 
Steppe, bnt local. 


. . Totara forest. 

Subalpine scrub (Cameron 
Glacier) ; Nothofagua forest, 
> on outsits. 

. . I Bphagvium bog ; lake, margin of, 
on bank. 

Totara forest ; subalpine scrub. 


Totara forest. 


Typhacbab. 

Ttjpha anguati folia L. var, MveUeri P (Roln*b.) (4raebu. 


Lake. 


ItBAAUKEAE. 

Microlaena Coltnaoi (Hook, t) Petrie 
Hierocldoe redoUna (Forst. f.) R. Br. 

Fmaeri Hook. f. 

Agrobtia aubulata Hook. f. 

Dyeri Petrie 

JJeyeiuia aetifoUa Hook. f. 

avenoidea (Hook, f.) Buch. 

Dichelachne onuita (Forst. f.) Hook, f, 
TriseUim anUtreiirAm (Forst. f.) Trin. 

Yotingii Hook. f. 

diibapicfti urn Boauv. 

iJauihonitt BoouUi Stoucl. 

fUivtacena Hook. f. 

aemiannuhria R. Br. 

var. acti folia Hook, f, 

Buchanani Hook. f. 

Arundo conapicua Forst. f. 

Triodia exigua T. Kirk . . 

Poa nome-zeala7tdiae Haok. 

ancepa Forst. f. (?) var.f. . 


. . ^ Rock, alpine. 

. . ^ Fell-field, 

. . Steppe ; river-bed, subalpine. 

. . Rock, alpine. 

. . i Steppe ; fell-field. 

.. 1 Fell-field. 

.. I Steppe. 

. . Steppe. 

. . 1 Stej)pe ; f(dl-field. 

Steppe of subalpine river-bed. 
Rock, alpine. 

Ste])})e. 

Stepjio ; tell-tield. 

. . Stoi)}>e ; rook, montane and sub- 
I alpine. 

Steppe; fell-field. 

. . Steppe. 

. . River-bed, montane. 

Steppe. 

. . Rook, subalpine. 

.. I Fell-field; coarse and fairly stable 
I shinglo-slip ; steppe of river- 
I bed. 


* Our notes regarding the species of totara are quite insutficient, nor have we any 
speoimens beyond one piece of bark which is evidently that of P. Hallii. On the other 
hand, P. totaara rmy also be present, especially at the lowest altitude of tho forest. 

t This grass is possibly an undesoribed species. It is probably common on the wet 
mountains of the contra! Southern Alps. 



Si*i:iuirr, (\^(K\v\ij, Mauni Arrammith ninfricl. 369 


List of iSpkoies — ronthtmd. 


Sj)(‘< ICS, , Ac. 

Koi'sl. f. 


Plaut-Ahituciatloii. 

St<‘ppo; rock; Ml-tteld. 

Coh Hook. 1. 

.. 

Steppe; rook; fell-field. 

var. inltnuidiit (Buch.) 


Step])o. 

Kirkii Hueh. 


Steppe. 

Steppe. 

Lindsdiji Hook. i. 


maniotolo IVtrie 


Step})e. 

Ffstuca oviiia Ij. \ar. Hdrac-'Jrtlnuditd Hack. 


Ste])X)c ; rivt‘r-bod, ,sul)alj)iiie. 

nd)H( L. ^ar. 


Steppe. 

Atjwpijron M'ahnim (H. Hr.) Heauv. 


Stej)}>e ; rock. 

(^ FEllAC'EAB. 
hJldPochartfi (JHnninghdmii Hocck. 


i 

Swamp; lake; Hphdgnnmhdi^, 

t^choinufi UMid iflorufi Hoak. t 


Bphagnum bog; swamp. 

Oreobohdi pectimdu^ Hook. i‘. 


Sphdgnum bog. 

Vneinid compdctd \\. \^v, 


1 Sloppo ; river-bed, siibalpiiie. 

uncuidtd (L. f.) Kiikenth. 


Totara forest. 

fi(f<co-iwjt Udid Kiikonih, . . 


bVll-lieltl. 

t'ubra Boott 


Step]>e. 

Totara forest. 

/ilifonnif* HooU . . 


Cnrtx hdoidvM iN'irii* .. 


Wet ground. 

diitndrd Sohrank 


Swamp. 

Stc^ppe. 

(hltddioi Boott .. 


fiUlluldld (Jood .. 


Swamp. 

Swa mp. 

subdola Boott .. 


(hiudirhumlmud \i.w\\\\u . , 


Swam]); Bphtgnum l)og. 

-- — b\>rht. f. 


Swamp. 

- wdkdlipu P(‘tri(i 


River- bed. 

Bvehnnaui Bergt*r. 


Stream, margin of. 

Pcimi Clieeseni. 


Hivor-bod, in dam]) ground. 

— - breviculmifi H. Br. 


Stepx>o. 

Swamp. 

- - - - <)(den' vtn, catamiddf* Br.) Kiikeiitli. 

dUNFHCWMJ. 

J (/fu6UM L, 

- biifoiiiuft L. 


1 

1 

ijiiko; swamp. 


1 River-bed, montane. 

Ltauh piu/fild Hook. f. 


P<dl- field, aljnne. 

aunpedrih 1). (\ vav. 


1 Stt'ppo ; river-bed, subalpine. 

rnrudofid Desv. . . 


1 Stepp(‘. 

ulophylhi (Bueheu.) (Joekayne anti Laing 


1 Sl<‘pp(‘ ; river-bed. 


Lilfac/jam. 

AMiih moHlunu ('1\ Kirk) Oockayjic 
Pctr'n i CockayiK* 

Phormium CookimiHm .. 

Bnlbiiiella Jlooken' ((.Joi.) Boiitli. & Hook. 
ilK^tifolm Coolcayno and Iju-inj* 

Okchiuacbaij. 

Mio'otift unifolia (Kornt, f.) Rt‘ich<‘n]). 
PruBophyllum CoUmoi Hook. f. . . 
Pterostylis wufica K. Br. " . . 
Oorymnthcii {macmvthu Hook, f.) ? 

Fagacbae. 

2^ olhojngm difforUoidcn (Hook, f.) (M’si. .. 

rRTIOAC’EAB. 

Urtica inciba Poir. 


.. 1 MUMcl. 

.. 1 Subalpino Hcmh ; fell-lield. 
vav. an- j Stopiit*; bog. 


. , Steppe. 

. . Steppe. 

.. I Totara foreat. 

I 

.. j^otkofayuf^ forest; bank of 
streamH as occasional scattered 
I clumps. 

.. Tota ra forest ; Nothoftigintfoxost, 
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Transactions. 


List oe Species — continued. 


Family, A<*. 


1Man^-absociatIon. 


Lor \.^T1I V( EVL. 

JSli/tranthe flavida (Hook, f.) Englcr 
Tupeia antarciica (FothI. f.) Cham. & Schlcht. 

Polygon A.CEAE. 

Bumex flextiosua Sol. 

MuehUnhechia australis (Porst. f.) Meissn. 

complexa (A. Cuun.) Meiasn. 

axillaris Walp. . . 

ephedroides Hook. f. 

PORTULAO \CEAE. 

Glaytonia australasica Hook. f. .. 

Montia fovtana L. 

CARYOPJlYLLAt^EAE. 

Stellar ia Bouyh a Kook. 1. 

Golohanthus quitensis Bartl. 

BiUardieri Fonzl. 

hrevhepalus T. Kirk 

acicnlaria Hook. f. 

Scletanthua hiflorua (Forst.) Hook. £. 

Hectordla caeapitout Hook. f. 

Rantjnctjlacbae. 

Clematis auatralia T. Kirk 

marata J. B. Armstg, 

Banunculna Lyallii Hook, f, 

Qodleyanua Hook. f. 

Monroi Hook. f. var. dentatus T. Kirk 

Haasiii Hook. f. 

crithmifoliua Hook. f. 

hirtua Banks & Sol. 

lappncena Sm. var. midtiscapua Hook. f. 

foliosus T. Eark 

Cheeaemam'i a. Kirk 

mncropiia Hook. 1‘. 

rivularis Banks & Sol. .. 

CaWut novae-zelandiae Hook. f. . . 

Cructeerae. 

Nasturtium palustrc D. C. 

Gardamine Jieterophylla (Forat. f.) 0. E. Schultz. 

deprcaaa Hook, f . 

Notothlaapi fosulatnm Hook, f . . . 

HROriERACEAE. 

Droaera arcturi Hook. . . 

CBASSnL.VC£A£. 

Crasauh, Bieh&riana Schultz 

Saxieragac bae. 

Garpodetua serratua Forst. 

PiTTOSPORACEAE. 

PiUoapomm tenuifolium Banks & Sol. 


Nothofayua forest. 

Totara forest ; siibalpin<‘ scrub. 


Stoppe. 

. . Totara forest. 

. . Totara forest ; scrub of river-bed . 

River-bed ; steppe. 

. . Steppe. 


Shingle-slij) ; stream. 
Stream. 


. . Shingle-slip. 

. . Stoppe. 

Steppe. 

. . Steppe. 

. . Rock. 

. . Steppe ; river-bed. 
. . Rock, alpine. 


. . I Subalpinc scrub. 

.. I FeU-field. 

. . I Fell-field ; bank of stream on 
river-bed. 

. . ' Rock, bubalpine ; fell-field. 

. . Shingle-slip. 

. . I Shinglo-slip. 

. . , Steppe. 

. . Stepi)e. 

. . Steppe of Hubalpine river-bed. 

. . I River-bed, in wet ground. 

. . I Swam]) ; stream. 

. . Swamp. 

. . Fell-field. 


. . i River-bed, moist. 

I 

. . Roclz, snbalpine. 

. . Shingle-slip. 


Sphagnum bog. 


Rock. 


. . j Totara forest. 
. . Totara forest. 
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List <h’ iSiMiciKh — conthnud. 

SjH'cics, Kannh , A(‘. | riniHi-abborlatiou. 


l\OS\< 13 A K. 

liubuH M'humlthoiih s A. \«r. cohntlns 'V. Kirk Tolara forcHl. 


si(fipanpn'(tln'i (VM'kayiM* . . . . ... 

onf^tntlia Korsl. f. 

A. Cmwi. 
parviporum Sin. . . 

— - urban Kin L. \ar. nt rid inn 

PotrniiUainihirina Ij. \ai*. annvrinoif{(i^{iUutui)T, Kirk 
Acarna Sanguif^orbai Vuhl. viir. pilona T. Kirk* 

— - />/cr////.v Hook. f. 

microphijUu Hook. f. 

'Folara foiVKt ; horiib of river- bed. 
'rotara for<‘st. 

Fell-iield. 

Ilivor-becL 

Swamp. 

Steppe ; fell-field. 

Stoj>]>e. 

Steppe. 

Lkoumino.smo. 


('armirhadia hhninii }^\vk 

- nniflora'V. Kirk 

- > nana tJol. 

A/oww/ Hook. 1. 

(fra ndi flora Hook. f. 

Hmtiiihnona mmu-u aland ia< Hook. f. 

Hophora mit'rophylla \\\* 

Steppe. 

Steppi‘. 

Stop}X*. 

Step])e. 

Subalj)iue scrub ; river-bwl, sub- 
alpine. 

Shinujle-slip. 

Totara forest. 

(H0HANU(’KAh3. 


(leraniHin iiiivrophyUinn Hook, i,, . 

— - t-iCHHiliflorum V^w 

Steppe ; Idphagnwn bog. 

Stepi)(‘. 

OX.VLIUACKAE. 


Oxalia vorn icnlaia \j. 

mandlanit^a ¥ovh\. 

Steppe. 

Fell- Held . 

(S)IUAIUAOKAK, 


Voriaria rtn^cifolia L. . . 

- thy mi folia IS utxih. & Boiipl. 

• anynafiaainia Hook. f. . . 

SU‘ppe. 

Riv<»r-bed, stoppo; fell-iiold. 
River-bed, sti'ppe ; fell-field. 

ST\<'Kfl<)OHI\('nAh3. 


Stark'houaia ynininia f. 

Ste])pe. 

Kiiamnackak. 

JJiacai ia fonmalou Ma^ml 

Sie[)p(* ; nver-be<l ; rock. 

1{1lak<m'\ui’\('k\k. 

AriatoUlia jrutieoaa Hook. f. 

Stibal})iiu- Koruh. 

MaLVA('>3AF3. 

ihnja Lyalin (Hook, f.) J. E. Baker 
(F. Mucll.) (’ockayne 

Totara forest ; subalpine sonib. 
6'. ribifolia association. 

(llTTTIFEIUE. 

Hypericum (jraminctm Forst. f. . . 

Steppe. 

VlOLACEAE. 

Viola Cun ninglutfnii 'Rook, 

llymemnthcra drntala H. Br. var. alpina 1'. Kirk , . 

j Rphagmm bog ; foil-field. 

1 Fell-field ; dibria below cliff. 


♦ Thin in probably Araena SanguUorhae subspecies ramigluuca Bitter. 
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Transactiona. 


List or SpEciEb — continued. 

Spocioto, Family, <SfC. PlJint-associatioii. 


Tuy^jleliaci: \e. 

Piyndea Traversii 'B.ook. .. * 

laevigata Gaertn. var. yepens C^heesera. 

Lyalli Hook. t. 

Jjrapetes l)ie^enbacJiii Kooli. 


. Rock, subalpino. 
Stei^pe. 

Ste])])e ; fell- field. 
Htoppe; fcU-ticld. 


Myetaceae. 

Lepfoopetmiim scoparimn JTorhl. . . 


Steppe. 


OlTAGEACBAE. 


Epildbiuni chionantJiitm Haus'skn. 

puhetis A. Rich. 

species* 

Hectori Hausakii. 

chloracfolium Hauhskn. . . 

nummularifolimn R, Gimn. 

pednnculnre A. C'uun. 

tnactopub Hook. 

{ciasbuni Hook. 1.) 

pycnostachj/iim Hauhskii. . . 

melanocaidon Hook. 

ronirnfuyn Checsom. 

microphijlhm A. Rieh. . . 

ghheilum ITorsl. f. 

elegans Petrie . . 

Fuchsia ejrcorticata L. f. 

Halobeihagaoeae. 

EaJorrkagis uni folia T. Kirk (?= H. depnsan Walp. 

var. uni folia (T. Kirk) Cliee?iein. in Trans. N.Z. 

In&t., vol. 42, p. 203, 1910) 

— micrantlia R. Br, 

Jlyriophylhim elatinoides Gau<l. . . 

Gunnera {moyioica Raoul) 1 var. . . 

deyitata T. Kirk. . 


Swamp. 

I Totara forest ; rock. 

Fell-field. 

^ Steppe. 

Sphagnum hog X fell-field. 

Rock, in shade. 

River-bed ; steppe. 

, Stream. 

' Rock. 

1 Shingle-blip. 

I River-bed. 

River-bed. 

River-bed. 

River-bed. 

I Steppe. 

Totara forest ; Xothofagus forest. 


j Step])e. 


1 Bog. 

Stream; lake. 
Bog. 

Stream. 


An ULIA<.’B.VE. 

XothopanfU' simplex (Forsl, f.) Seem. 

paruum (T. Kirk) Cocka^Mie 

Coletisoi (Hook, t.) Seem. 

Pseudopanax cmsbifolium (Sol.) C*. Koch. \ar. tniifoli- 
afuyn T. Kirk 


Totara forest ; hubal]jiii(‘ b(‘ru}), 
Subal]fine K*riib of viver-lwMl. 
Subalj|)iiie semb ; tota'*ji forest. 
Totara forest. 


Umlbellifebae. 

Hydrocot yle novae-zelatidine i). G. 

americana L. . . 

Schizeilema nifeyis (Petrie) Doniiii. 

Oreomi/rrhiti undicola EivU. var. Coletisoi (Hook, f.) 
T. Kirk 

var. ramosn (Hook, f.) T. Kirk 

Cranlzia lineata Nutt. . . 


Steppe. 

Steppi*. 

Stream. 

Stepi)e. 

Stop])e. 

Bog. 


♦ s«= one or more of the beries of forms hitherto included by d* D. Hooker, T. Kirk, 
Oheesemau, and others with E. confertifoliinn Hook. f. oi the New Zealand subantarctie 
islands, 

t Specimens poor ; it may I>e E. brevipes. 
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List ok Simocibs — rontiiiuod. 


Spccii's, 1 aniiil> , kSlV. IMant-as'jodation. 


Aciphftlh (Uil<n,stn Hook. i. .. .. .. Ntepju'. 

\ar. mavimn'V, Kirk .. | Subilpinc sc*rul). 

Miutntom Kor^i. .. .. .. Siej)})t‘. 

Momoi Hook. i. .. .. .. Uook, bubal pine ; ti.‘!l-ficlcL 

AiOM)ttmo Ilttatilit ( T, Muoll.) ( V)(‘ka\ni‘ and Lainu.. , IMl-tiokl. 

filifolin (Hook, f.) (\)(*kaync and Laing Hhingle-ali)) ; sti.‘p})i*. 

— cat'no^ula (Kook. 1.) (.'ockayiio and Laiiur .. Sllmglo-^di]). 

(Kook, f.) ( ’{)oka.>'n(‘ and Laing .. Rock; fell-fickl. 

~ \ai\ pnitiafijidn 'V. Kirk .. .. l<’cll-Uckl. 

Kook. f. .. .. .. Htcppc; fell-tilled; <S'p^fl</wKmboa. 

Amjelicii diugidium (Kord. f.) Hook, t Eell-ficld ; .sleppe; rircr-bed. 

- - Hook. i*. .. .. .. I FJlepjv. 

I 

('<)nNA< h\K. 

CrriaeJitna lifiotnlift llnioiil .. .. .. Totara fore.st ; Aubalpine boriib. 

Muk UBV!.. 

daulfhft i(( df>prvftfia lUyok. i\ ., .. .. ytcpp(‘ ; iSphagNitm hof^. 

- — pvrpltx(t*\\ Kirk .. .. .. Subaljnne .scrub of river-bed. 

- - - (l<\)r.st. t.) U, Br. * .. Rock; fcll-licld, 

l^rnndiijn nanu {\)\. .. .. .. .. 8tC]>|K‘. 

Kl*\('l{lUU'BVh. 

Peulnchondut immilu [VorsiA A K, .. .. Fcll-ficld. 

t^tijphiia aaroHd M, .. .. .. .. iVll-ficld. 

— ^ Oo/f'««oi (Hook, f.) Diclb.. .. ..I Fcll-iield; stcp))t^ 

Prttm'i (A. Cunu.) K. JVlucil. .. .. ' Rieppe ; rivcr-bcd ; fell-lielcL 

Archeria Tt<trnMilAoiik. \, .. .. Subalpiuo scrub. 

DracophijUum lomjifoh’nm (Jfor.st. f.) R. Br. . . ' Totara forest ; subalpinc scrub. 

UrvillmtuOH A. Rich. var. montnnum Chccbcm. I Subalpinc scrub. 

A7/7iv7 Berugr, ,. .. .. .. Rock, subalpinc. 

w?//7/orMiw Hook. t. .. .. .. FcU-tield. 

rottjnarini folium (Korsl. f.) R. Bi. .. .. Rock; fcll-licld. 

MyIISJN \('B\K. 

iitUiouin diiHO ivafa f. .. .. ..1 Totara forest ; subalpinc Hcml>. 

- - Hook. I. .. .. .. Rock, MibalpiiK*. 

(Ikntun \rK VK. I 

(irntiumt GrMtarliif MuoU. .. .. .. I Stcx>i)<*. 

' - Iwllufilolin Hook. 1, .. ..1 Fcll-licbl. 

Acocvn v< k vk. 

PanoHfih cupauiarm Miv. .. .. .. Subalpinc semb of river-bt^d. 

lk»Rll.VajN'.V< B.VK. 

21 yoaoth Tnn'prfiii Kook. f. .. .. .. Shiugle-slip. 

spccicrt (pcrha])s a fonn of 21. anfardira Fcll-licld. 

Hook, f.) 

uu^iraUs R. Br. . . . . . . Stci>pe, 

PorsUri Lc'hm. . . Shady banlv, subalpinc. 

Lvbi.\tvk. 

2Ientha Omminglmmii (A. Cunu.) Benth. .. Slcpjic ; bog. 

ScROPHULAULCfACmH. 

Maz\i8 radkiiM (Hook, f.) (’hcewni, .. Bog. 

(Glossoetig/na elatinoidea Bcuth.) V . . Swamp, 
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LibT OF ypEOiBS — contihued. 


Species, Family, Ae. 


Plant-a&sociatiou. 


Vtiona'a mliiipUa Vijisi.i. 

\ar. Kirkit (J. B. Aimsig.) Ohceboui. 

laophi/lla < ‘heesem. 

• A i/6r/Zp/rt« Cockayne 

huxifolia Benlh. var. odora T. Kirk 

anomala J. B. Armstg. .. 

amplex^coulU J. B. Armstg. 

phiguifolia Hook. f. 

phnel hides Hook.’f. var. minor Hook. f. 

ietra&ticha Hook. f. 

lycopodioidis Hook. t. . . 

T. Kirk 

cupressoidt 8 Hook. 1. . . 

IlaaMn Hook. f. 

f pacridea Hook. f. 

macKtntha Kook, i. 

pulvinntus (Hook, f.) Benth. <k Hook. f. 

logtinioides J. B. Ai'inatg. 

LijttUii Hook. f. .. ^ . 

var. svherecia Cheesem. 

BiduuUii Kook. i. 

Ourisia tmcrocai pa Hook. 1 

{Colensoi Hook, f.) ? 

sessilifiota Hook. f. 

caespitofin Hook. f. 

Euphrasia ilonroi Hook. f. 


Subalphie scrub ; totara forest. 
Subalpuie scrub ? 

Scrub on limestone, montane. 
Subalpino scrub. 

Ste])po, near stream. 

Habitat ? (Eakaia Gorge, E. 

Steacl !). 

FoU-tielck 

Fell-field. 

Stoppe. 

Rock, subalpine. 

FeU-field. 

Habitat 
Habitat ?t 
Shinglo-blix). 

Shingle-fclix) ; rock. 

Fell-field. 

Fell-Held. 

Fell-field. 

River-bed, subalpine. 

Rook, shaded, subalpino. 
River-bed. 

Fell-ticld. 

Foll-field. 

Fell-field. 

Fell-field. 

Fell-field. 


LfiMTIBUIiABlAC'EAB. 

Uiricularia monanthos Hook, f, . . 


Sphagnum bog. 


l’LANTAGESfA< 'EAB. 
Plantayo Brownii Rapin 

spatliulaia Hook. f. 

triandrn Bergg. 


Bog, subalpine. 
Steppe. 

Bog. 


Rtjbuc^eae, 

Vopwsma sermlata Hook. f. 

rharnnoides A. Cunn. 

riliata Hook. f. 

pari'iflora Hook. f. 

ramulona Petrie 

hrunnea (T. Kirk) Cbckay 

rugosa (^heesem. 


{propinqua A. C*unn.) ? 

Unariifolia Hook. f. 

cuneata Hook. f. 

Pptriei (Jheesem. 

Nertera species (probably distinct from N. 

Banks & Sol.) 

Qalium uynbrosuyn Sol. . . 

Asperula perpusilla Hook. f. 


tlVMPANTJLACEAE. 


depresaa 


Fell-field. 

Subal)>ine scrub. 

Subali^inc scrub ; totara forest. 
Subalpine scrub ; totara forest. 

I Fell-field. 

I River-bed. 

' River-bed, hubali)iue; subalpine 
scrub. 

Sothofagua forest, 
j Totara forest. 

Rook, alpine ; feU-field. 

Steppe. 

Bog. 


. . ' Habitat ? 

. . j River-bed ; bog. 


Praiia angulata (Forst, f.) Hook. f. 
mwiTodon Hook. f. 


Steppe; bog. 
Fell-field. 


* Not seen by us, but the ori^al description gives the U])per Rangitata. 
t Probably fairly common originally, but now destroyed for the most part by fire. 
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List of SpistTBs — continiml. 


Spcoios, Family, At*. 


Plaiit-a’iso(‘jation. 


Lobelia linnaeoidis (Hook, f.) PotnV 

Houijhii Hook. I. 

}Ya}\hniherijia i/raviliK (Porsl. f.) A. D. C. 

m^icola (ll. Br.) A. 1). C*. 

STYLrDIACB\B. 

Phyllachtip Colensoi (Hook, f.) Borgft. 

Donaiia noma-'.clnvdiap Hook. f. . . 

Forstera B id wilUi "Kook A. 

fpiiplla Hook. f. 

CoMFOSlTAlfi. I 

Lagcnophom ppfiolaln Hook, f . . . . . . . | 

Barken Kirk 

Brachycome pinmla Hook. f. 

Sitirlairii Hook. f. 

Oleariu arhorescens (KorHt. f.) Cockayne ami Laiim . . 

macrodonia Baker 

ilieiloliaFLook. i. 

moschala Hook. f. 

Haastii Hook. f. 

olei folia T. Kirk 

nummiilanfoha Hook. f. 

cy ill hi folia (Hook, f.) Chcchcm. 

ai irt niuaffoha Hook. f. .. 

oinjaia Hook. 1. 

Celmiaia IValkeri T. Kirk (not typical, but nearer thL 
than to G. discolor) 

discolor Hook. f. 

JSinclaini Hook. f. 

Uaaslii Hook. 1. 

pctiolafa Hook. f. 

sppctabilis Hook. f. 

pspiido-Lyallii (Cheenun.) (*oeka\ne 

coriarta (Korst. f.) Hook. f. 

Lyalin Hook, f, 

— viscoHtt Hook. f. 

— loiKji folia (W. . . 

laricifolia Hot)k. f, 

sesfiiliflora Hook. f. 

bellidioides Hook. f. 

Vitiadinia arntralis A. Hioh. 

Hetasiia Binclaitii Hook. f. 

Gnaplialium Trarersii Hook. f. . . 

pahidosum IVlrie 

hitPo-aXbinii L. . . 

japmiicvDi Thiinb. 

coUinum Lab. . . 

Raoulia aiislralis Hook. f. 

lutcacena (T. Kirk) Cockayne 

femiicaitlia Hook. f. 

Haa^iii Hook. f. 

Monroi Hook. f. 

{apicc-niyrn T. Kirk) ¥ . . 

subaericea Hook. f. 

exmia Hook. f. 

grandifloui Hook. f. 


JlVU-fioJd. 

Hhiiiglc-slip. 

Stoppe; fell-field. 


Pell-field. 

Bog, subalpiiie. 

rell-aeld. 

8teppe. 


vStcp])e. 

Habitat ¥ 

Steppe. 

Steppe. 

Subal]>im‘ scrub. 

Subalpinc scrub. 

Totara forest ; siibalpine scrub. 
Subalx)me scrub. 

Subalpine scrub. 

Subalpinc scrub. 

Subal])ine scrub. 
vSubalpino scrub. 

Subal})ine scrub. 

Stoppe. 

Rock, subalpine. 

Fell-Held. 

Fell-Held ; rock. 

Fell-field, al]iine. 

Rock, subalpinc, on raw humus ; 
fell-field. 

Rt(‘piK‘ ; fell-field. 

Fell-field. 

Fell-field. 

Fell-field. 

FeU-field. 

Stepi>e ; bog. 

I F(‘ll-field. 

Fell-field. 

Rock, subaljnne 
I Rteppi'. 

Shiiigle-sli)), alpine. 

I Steppe. 

I Bog. 

j Steppe ; rieer-bed. 

Steppe. 

I Steppe. 

I River-bed. 

* River-bed; steppe. 

I River-bed. 

River-bed. 

Steppe. 

Steppe. 

Steppe. 

Rook, alpine. 

FoU-fiehl. 



376 


Tran^arnona, 


Li^t i)T Spu il 


ontiniud. 


sj»( tics r.iinih, A.O. 


!*Jaiit><)sbociatioii. 


JIiIi(kijf6V}?t hdhdiOKla^ (Koist. K) WjUcI. .. 

jiUmuU Hook. t. ... 

ttiandinps Hook. t. 

(hpief^bunt (Hook, f.) Benth. (k Hook. f. 

uiinophyUum (Hook, f.) Benth. & Hook. t. . 

iSilnqo (Hook, f.) Benth. & Hook. 

Caii6i}Ha (Homb. Jacq.) Hook. t. 

full ida ’Kook, t 

Ciaspedia uni flout Forst. f. \ar. 

alpina Baokhouhe 

Cot ula ah ata Kook. i. .. 

pijutln i folia Kook. 

pel pusilla Hook. t. 

^qualida Hook. t. 

ErccTitiiLh qlahrescenh T. Kiik 
i^fhccio hcUidioid(6 Hook. t. 

seoi sntKt Old Kook. i. .. 

lautif^ Foiht. i. \ai. iiiontnnus (’iieesein. 

Hook, f. 

flaeatjnifoUub Hook. f. . 

Bidwilhi Hook. f. vai. nndts (T. Kiik) 

( 'heefaem. 

M icroset IS Foibhii Kook. i. 

Ck pis noLHte-zelnndiae Kook. t. .. 

Tfoaxatmn qlahiatvm (Foist, t.) (‘oekayne 


I 


Ste})iM‘ ; 
Slei)p(‘. 
Kock. 

Rock. 

Rock. 


Ste]>]u*. 

Ste|>})e. 

Stcpiic ; ii\ei-bed. 
Shingle-blip. 
Sliinglc-blip. 
FeU-hckl. 

Steppe. 

Stepix‘. 

Total a toiest. 
Steppe. 

Fell-field. 
Shingle-blip. 
Subalpine soiub. 
Subalpine seinb. 
Subalpine sc mb. 


Steppe. 

Rock. 

' Fell-iield. 
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Art. XXXVIII. — The Younger Bock-series of New Zealand. 

By P. Marshall, D.Sc., F.G.S., Professor of Geology. Otago University; 
R. Speight, M.Sc., F.G.S., Lecturer on Geolog}^ Canterbury College ; 
and C. A. Cotton, M.Sc., Lecturer on Geology, Victoria College. 

[Head hefoic the Otago InsUiutc, 1st Novrmbfi), 1910.] 

Plato VI TI. 

[Note. — ^This paper has been mainly written by the iirst author. The observatiouft 
upon which it is based were made conjointly by the three authors in the typical districts 
of North Canterbury. Other distiiots referred to have been examined by only two or 
by one of the authors, but in each case the observations made have been referred in 
detail to the others, and the authors are in complete agreement m legard to all the critical 
points set forth in the paper. The critical account of the stratigraphical relations of 
the Waitemata series has been kindly furnished by Mi*. E. de C*. Clarke, of the University 
OoUojge, Auckland, and the authors arc specially indebted to him for the description of 
this important localit^^J 
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I. iNTRODUCTtON. 

The stratigrapliicul rolafcioiis of the series of younger rocks of New Zealand 
has presented a problem which each geological observer who has worked 



Fig 1. 


at them has solved in a different way from all of the others. This obviously 
implies that elements of difficulty and confusion are involved in a treat- 
ment of the question. 
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The distiihiition of tlie series is la,iily general in the coastal districts of 
both Islands and in some portions of the iiiterioi parts, bnt in most instances 
tbe outcrops ai<‘ separated fi'om one another (see fig. 1). In all but a veiy 
lew ol the areas vheiv the series is exposed the stratifieatiou is simple. In 
many (*ab<‘S the strata lie flat ; but where they holder on an older series ol 
rocks thev ^»ie generally inelined and folded in some simple manner, though 
in some places jt causes them to lie vertically. It is tlii‘ belie] oJ the authois 
that the more stratigraphy would have ollered no difficulties and have 
caused no confusion it there had not been otlicr inatteis rc<iuiring consideT<i- 
tioii ill comiGctioii with the whole cjucstioii. One of these other matters is 
the correlation of the strata in the ditfercnt and sometimes distant aieas 
where they outcrop, but the most important is to be found in the palaeon- 
tological succession. The lowest strata of this younger series contain fossils 
that are geneially allowed to be of Cretaceous age, tlie upper of Miocime 
or Pliocene age. 

In general the rocks are marghial. In the North Ishind they unite in 
the extreme north portions of the older rocks that crop out liere and there, 
and apparently ( onstitute the greater part of the country as far south as 
the Upper Waikato. They *ire extensively developed on the eastern side 
of the great I'ange from (^ape Runaway to Cape Turakirac, and in places 
near the East Cape form the highest part of the country. 

In the south pait of this coast they arc replaced by older series, but in 
the central part they extend almost from side to side of the Island except 
foi* a narrow ]*idge of old rocks. On the western side they form the whole 
country between a line through Pirongia, Taumaiuuui, Waioiu'u, Waikanae 
and the coast. 

In the South Island the formation is more restricted and local, and 
is nearly always marginal. It extends up many river- valleys — Aorere, 
Clarence, Waitaki, for example. It is ividely extended in North Canter- 
bur)% hi Noilh Olago, and again in Southland ; while it occupies interior 
basins in the Te Anau and Manapouri districts, as well as at Trelissick. In 
Westland the development is again larger in the northern part, and especi- 
ally large areas are found hi the Waiigapeka, Maruia, and other valleys. 
0<‘casionally the rocks are well folded mto much older scries, as at Nelson, 
where they occur structurally involved in strata of Trias- jura age. 

Recognition of this lias caused various observers to seek for uncon- 
formities in the strata, for different members of the series contain extremely 
different faunas. Unconforniities have lieen described by every observer 
and they have been placed in different positions in the series by every 
observer, and in almost every case the breaks re(*ognized by one have not 
been admitted by others. 

In all <*xposures there is, however, a well-marked lithological series, 
so far as the observations of the present authors have gone, and this series 
ivill be stated in some detail when treating of the different areas. 8o 
similar is the succession in the various localities that it is possible without 
any great error to state a generalized rock-succession that will apply with 
considerable exactness to the many occurrences. This is as follows : — 

7. Loose sands vuth shells. 

6. Mount Brown beds ; sands often calcareous. 

5. Urey marls. 

4. Greensands. 

3. Limestone. 

2. Greensand. 

1. Sands, conglomerates with coal. 
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This bovios, of ooiirso, varies considerably in different localities. Some 
inciiibers nia^^ be (|uite omitted, while others are relatively thick. In general, 
it is thought that the following statement jepresents, 'vnthout attentio]» 
to purely local features, the variations that are found in different localities. 

In ^orth (^anterl)ury practically the whole series is prosoni. In Otago 
it is uiuisuiil to line! any hods higher in the series than the limestone. In 
Westland and at C^ape^ Farewell and Shag Point the basal conglomerate 
is of great thickness - 7,(KK) ft. in the •first case - and it contains important 
scams of coal. ^ 

In the Noith Island, l)ut more particularly in its southern portions, 
there is an immense development of the grey mails, which in the Wanganui 
'^‘ouiitry aie perhaps 2,000 ft. thick. The greensands are highly variable 
ill thickness, and are often absent ; they have d particularly large develop- 
ment in NoJ'th (^antc^rbur}". The limestone is fairly general, and tbe most 
constant member of the series, but landwards always becomes somevhat 
sandy, and even passes into pure qiiaitz sand where it is maiginal to the 
old land. 

As will be more fully mentioned later, the fossils contained in the rocks 
at the base of tlie series are wholly different from those at the top ; in fact, 
the lowest rcjcks, in some localities at least, contain Mesozoic forms, and 
liav<‘ been referred by all observers to the (Vetaeeous period. On the other 
liaiid, there is a high percentage of Kccent species in the highest locks, and 
tlioy are classed as Upper Miocene or Pliocene on all hands. 

It appears to have been the general beliet of those geologists who have 
examined these rocks that a rock-serics showing CAudeuce of such great 
difference in age in its lowest and highest members could not have been 
deposited in a uniform stratigraphical sequence as a single formation. It 
has therefore been thought necessary by all authorities to refei* dificrent 
portions of the rock-sequence to different geological systems the members 
of which are supposed to be separated by unconformities. Unfortunately, 
while there has boon an agreement in principle, there has been a marked 
divergence in praclico, and no two authorities liave placed the uuconformities 
in the same places. This is the more remarkable as in nearly all localities 
where the rocks occur tliere is a fine exposure of natural sections in which 
the rock-scries are displayed free from <»ll obscurity, and in most cases with 
nothing but folding of a most simjile des(*ription. 

The great variety of opinion in regard to this matter is shown in the 
following summary of the clnssifi<*ations adopted by those geologists \rho 
have published comprehensive works dealing with the geology of Iho ^hole 
or of large poriions of the Dominion. 

II. Ol.a.ssifu’ations employed. 

{a,) Hochstettor (“Poise der ^Novara’: Geologic,'’ x'ol. 1, p. 39. Wien, 

1864). 

Kavwzoic Series. — (1.) Older Tertiary System: {a) Brown coals, 
Lower — Coalfields of Drury, Waikato, North Auc'kland, Nelson, Otago ; 
(6) Marine series, Upper — Waitemata, Kaw^hia, and Aotea, Motupipi 
(Nelson), Aorere (Nelson), gold-bearing conglomerate (Aorere), white and 
yellow calcareous sands and greensands with limestone, Oamaiu, Green 
Island, Shag Valley. (2.) Younger Tertiary: t^ape Eodney, Hawke’s 
Bay, Wanganui River, Nelson elifis, blue clay of Awatere, Waitaki, Moe- 
rata\ 
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(b,) Hutton (Q.J.aS., 1885). 

Wam/anui Si/stem (Plioooiio). — Newer Pliocene: Locality names — 
Kercru, Ormond, Petano, and Putiki serieb. Older Pliocene : Older glacial 
deposits — Lignites of Otago, Maiiukaii, &c. 

Pareora Sijstcm (Miocene).— Localities : Awaiere (Marlborough), Kauieri 
(Westland), Tawhiti (Poverty Bay), Ahiuiri (Tlawke’s Bay), Waitem.ita 
(Auckland), brov^ni (oal ol Pomahaka (Southland). 

Oanumi S if stem (Oligocene). —Localities : Mount Brown (North (^inter- 
bury), Aotea (south-west Auckland), Ototara (Oaimiru), Turanganui 
(Poverty Bay), coals of Waikato, Kaitangata. 

Waipara System (Upper Cretaceous). — Localities : Amuri (Marlborough), 
Awaiiui (Poverty Bay), Matakea (North Otago), coals of Greymoutli, 
Pakawau (North Nelson). 

(c.) Ilmst Geology of Canterbury and Westland,” p. S^5l. (1irist(*liiircli, 

1879). 

Waipara, — Cretaceo-tertiary. 

Oamaru. — Upper Eocene or Low’er Miocene. 

Pareoia, — Upper Miocene or Lower Pliocene. 

{d.) Hector (Handbook of N.Z. : Geology. Wellington, 1886 : Government 

Printer). 

Lower Greensand, — (a) Buller series : (6) Porphyry brcccLi series ; 

(c) Amuri series. 

Cretaceo-tertianj, — (a) Grey Marls; (b) Ototara series; (c) Mawhera 
scries ; (d) Chalk series ; (e) Waireka series ; (/) Coal series ; ((f) Black 
Grit series ; (h) Propylite breccia series ; (i) Great Conglomerate series. 

Upper Eocene, — (a) Mount Brown series ; (h) Oamaru series ; (c) Wai- 
taki series. 

Lower Miocene, — (a) Awatere series ; (6) Pareora series ; (c) Awamoa 
series ; (rf) Lignite. 

Upper Miocene. — (n) To Ante series ; (6) Taueru series. 

Pliocene, — («) Dispersed gravels ; (6) Napier series ; (c) Ligniti* series ; 

(d) Kereru series. 

(c.) Park (Geology of N.Z., 1010, p. 25). 

Jymri System. — Waipara series (Cretaceous) : (a) AVeka Pass stone and 
Grey Marls ; (b) Amuri limestone ; (c) Waipara greensands ; (d) Kaiiriaii 
beds ; (e) Puke-iwi-tahi conglomerates and sandstozie with coal. 

Karamea Systeyn, — Waimaugaroa series (Eocene) : (a) Brunner coal ; 

(6) Paparoa coal. 

Oamaru Series (Miocene). — (a) Ototara stone ; (b) Pareora beds ; 

(c) Marawheuua beds : (d) AVaihao beds ; (c) Kaikorai coal-measures. 

Wanganui System. — (a) Petane series (newer Pliocene) ; (6) Waitotara 
series, (c) Awatere series (older Pliocene). 

(/.) Comparisons of these Opinions. 

The nature of this divergence of opinion appears more striking when shown 
diagrammatically (fig, 2), for then it is seen that a total of five uncon- 
formities have been described by different observers, and as many as three 
in the North Canterbury series by a single authority ; while if the series 
is extended to the highest member in the North Island the number of 



MAUhii vi.Tw, SrjiK.ur, Cotton. — Tottiii/a netf of N.Z. 383 


SysWiM 

Awmnvt S«.T^ 
(Flioccn<) 

Kammecb 

Oatiiaru SvTies 
(Miocene) 

&rMtfQ Cacbl 

of- Wai kal*o 
Wat«t)a^av«a 

' 5eries iEwemt) 

Cpobl o(* 
Cea&h 


M 

If 


necliar ’86 


Lewtfr Miocene 
Upper Eocene 


Wait^avo. 
Syofem 
(Cref'ae 0041 ^ 


CoaJ o\. StH^Tlan 

fc. 


Cre.^0.c«O' 

Terhary 


29rowii Coal - 

Ka t fcuM4 ^Iro. 

Lmier Qr«eii«on4 
•— W.Coa^- 



Cirty tV^rls 


WekaRufi Shane 


Amuri LimOilbnc 


Sandy LimesTone. 
'rUeio* 

CnictetiMta^ 

Cvoco^oMcU 

Block Ol^ 


■ji 


STRATI GRAPHICAL 


Mioetee 

Eocene 

(Oomora Senas) 


C(>^y Sonde 

3a*n(Ulrene£ 

C Boleiti*ni ett) 

Coti^/ohieval'e 
Coal 


SUCCESSION -T DA MAR U 


Miocene 

^Kcbrameo. 

CkwHiM^ &ar«ed 


Awomeo. 3eoLe 


Crel^eo* 

Telr^la^ry 


Hu^ekI1Uon 

Qututry Sods 

OovnoL^u, 
OToToro 
UixtosTone 

WonrokeTuffe 

Conerehenovy 
CrconeoneU* 

Qroy cmd. 
C|Yeeii 4airi<i& 

Quarhe Qrovols 

<mKi Cool Seoms 




Fig. 2. 








38i 


T)atisaetions 


unconforniities uisorted bv Hector is five. Some i>t tliese uiuouforrnitios 
that are iii8eii:ed loprcsent guvit Japsois ol lime. Thus the plane between 
the Waipura and K.uMinoa systems of Park represents a period oi erosion 
extending throughout the Koeene and Oligoeenc periods. W^tli Ifutlon 
the Koeene is a period oi <uosion and elevation, bul Heeloi’s tune-lapses 
are ot brief length, and therefore of lelatively little importaix'e. ft is, 
however, obvious that an uneonlormity between (Vefcaeeous *md Miocene 
locks in Park’s classification should be of such <i marked nature as to la* 
a conspicuous leature in all the clear sections in the di&tiuts in which the 
locks are developed. 

Extremely different, too, are the periods to which the main portion of 
the series, including at least the important coal-measures of th(* east coast, 
have been ref erred. Hector places these in the Ciotaceo-tertiavy, fluttou 
ill the Oligocene, and Park in the Miocene. 

HI. CLASSIIilCATIOK PROPOSED BY THE AinilORS. 

(rt.) Discussion of Waipam Gorge and Weht Pass Sections. 

(Sot‘ fig, 3 and Plate VTIl.) 

The writeis of this paper have long been eonveisant with these opinions, 
and have seen grave reason to reject them in those portions of the Dominion 
with which they are familiar. The doubts thus aroused caused them to 
visit in company the more important of the sections upon the inspeidiou 
oi w'hich the, classifications of the authors named were mainly based. 

Of these localities, it is udniitted by every one that the gorge of the 
Waipara Kiver gives the most complete and satisfactory section, while 
that of the Weka Pass is one on which Hutton and Park have mainly relied 
foi the demonstration of the unconformities that they have described. The 
third locality, the Amuri Bluff, is of importance because of the abundance 
of fossils contained in the lower lock-series. 

The following quotations appear to us to represent the gist of previously 
formed opinions on the rocks shown in these seotious 

Hutton (N.Z.Q.S. Bep,, 1873-74, p. 44), at Waipam: '‘The Weka Pass 
stone is seen to rest on a water-worn surface of the Amuti limostono.” Also, 
p. 18 : ** At Waipara the Pateora formation rests on the Trebssick groiij) 
without any appearance of unconformity.” 

Haast (Ooology Rep., 1871, p*8): “The beds |to top ol Weka Pass 
fetoiio] follow in unbroken seqxi<*nee — ^tliat is, they belong to the s<mK‘ seri(*8, 
and mark a well-defined period in the past history of this portion of the 
globe.” Also, p, IG: \fter the deposition of the Weka Pass bods the 
whole series seems to have risen to sueli an exUmt as to <‘oine under the 
full destructive influence of tides and currents, if not even under subaerial 
influence. How<*ver, the newer strata must iu some instances have been 
deposited very soon, as the uppermost beds of the Weka Pass have not onlj 
been preserved entirely, so that no sign of denudation is visible, but the 
Ouculkea beds overlie them in most instances so conformably that it is 
impossible to detect the least difference in strike and dip/’ 

McKay (Geol Rep., 1874-76, p. 39) : At all points where the Weka 
Pass beds ate overlaid by any higher beds the marly grey or green beds 
are the next in succession, and in many places they pass insensibly fi'om 
one to the other.” Geol, Rep., 1890-i, p. 102 : “ Although the change 
from the Amuri limestone to the Weka Pass stone is somewhat sudden 
and suJBSciently clearly marked, there is not in the cross-section exposed 
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in the gorge, or along the lino of strike for a mile to the north-east 
or south-west, or elsewhere in the district anj sign of uncomformity 
between these beds. ... At the lower end of the limestone gorge the 
Weka Pass stone is overlaid by the grey marls. The section is clear, and 
shows perfect conformity between the two. ... At tlic junction 
between the lowei part of the Moimt Brown beds and the upper part of 
the grey marls a stratigraphical uncomformity is hero evident enough in 
the section displayed.” 

Park (Geol. Kep,, 1883, p. 33) : “ The sequence of th(‘ beds just 
enumerated is the most complete to be found in any part of New Zealand. 
The stratigraphy is plain and simple, being fi‘ee from obscurities, and 
offering few points of possible disagi-eement.” At p. 35 : At the Waipara, 
on the other hand, the geological record is complete, the beds following 
one another in one conformable sequence.” At p. 22 : The Weka Pass 
stone passes gradually into the grey marls without any sudden change in 
th<» character of the deposits such as is seen between the Weka Pass stone 
aud the Amuri limestone.” At p. 28 : “ The strata at the Waipara, where 
the complete sequence is exposed, are quite undisturbed, following oik* 
another uniformly throughout all parts of the district. . . . I am 
strongly of opinion that a complete sequence of bods exists from the base 
of the Crctaceo-tertiary to the close of the Pareora formation.” 

Very similar opinions have been expressed by the geologists in regard 
to the series exposed in the Weka Pass. In other words, Hutton is con- 
stantly bringing evidence of unconformity between the Amuri and Weka 
Pass stone, aud, in 1886, between the grey marls and Mount Brown beds. 
Haast still supports a subdued unconformity between the Weka Pass stone 
and the grey marls, while McKay and Hector (1890-91, p. 98) place an un- 
conformity at the base of the Mount Browu hods only. Park, however, 
in 1904 (Trans. N.Z. Inst., vol. 37, p. 542) absolutely changes his position, 
and places an unconformity between the Weka Pass stone (Cretaceous) 
and the grey marls (Miocene), but states that this break is nowhere to be 
seen in section, although shown by the mapping. He also places an uncon- 
formity between the Mount Brown and the overlying beds, which ho now 
calls Motunau (Pareora. Hutton). 

It is certiiinly remarkable tliat such a variety of opinion should have 
been given in (* 011110(^.1011 with a section that is so remarkably clear and 
free from any obscurity. As the authors arc engaged in teaching this sub- 
j(*rt in the colh'ges of the New Zealand Uniyemity, and were much perplexed 
by th< 3 se stat(*monts and tlu^ still more conflicting results when correlations 
were attempted with the series in other parts of New Zealand, it was agreed 
to visit the Waipara and Weka Pass in company and try to arrive at a 
conclusion that migJit express the actual facts and yet perhaps bo 
unanimous. The result, based on the stratigraphy alone, has been wholly 
satisfactory, and ther <3 is an unreserved agreement. For the sake of clear- 
ness, the unconformities described by difieront observers will bp taken in 
order from below upwards. 

Relation of Amuri Limestone to Weka Pass Stone. 

J . Hutton^ s Unconformity. — The Amuri liaiestono is white and rubbly ; 
the Weka Pass stone has much glauconite, and is compact. Hutton 
describes the proof of unconformity as consisting of pebbles of the Amuri 
limestone imbedded in the base of the Weka Pass stone. MoKlay and Park 
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Fig. 3. — ^P\nok4iia of Weka Pass from Crest of Mount Donald Rvngb. 


refer to tliobe as phosphatic nodules. Our 
opinion is that the change from pure (Anmii) 
to glauconitic (Weka Pass) limestone does not 
take place throughout the mass oC the rock, 
but interlaminatious of glauconitic matter arise 
tmd separate pieces of limestone. As Ihe con- 
ditions that control the deposit lous l)ecom<» 
more changed, the interlaininations oi glau- 
conitic matter become larger, and the pur(‘ 
limestone is reduced to nodules wJiich appc*ir 
like rolled pebbles. A similar lamination is 
distinct at Milburn and Clarendon. In ad- 
dition to this, it is evident that the elevation 
of a foraminiferal limestone and its subsequent 
erosion followed by depression and deposition 
of glauconitic limestone in perfect accordance 
without any intervening strata would necessi- 
tate extraordinary conditions ; in fact, it is 
almost impossible to suggest a series of con- 
ditions that would satisfactorily account for 
such a sequence. In this matter we agree with 
Hector, McKay, Haast, and Park ; but differ 
from Hutton. 

2. Belatiohs of T]>A‘g Pass Stone to Gretj 
Marls. — Very slight 'unconjormiUj of IJaast, but 
hreaJe between Cretaceous and Miocene of Park. 
No junction is described by either of these 
observers. We found one below the limestoiu^ 
gorge of the Waipara, as described by McKay, 
and found a perfect conformity. This is 
accentuated at the Amuri Bluff, where the 
Weka Pass stone is absent, and in an ab- 
solutely clear sea-cliff the Amuri limestone 
graduates into the grey marls to such an 
extent that it is impossible to say where one 
begins and the other ends. There is anothei* 
clear section of a similar nature at the mouth 
of the Jed. The idea of this unconformity was 
based on the mapping of the distiict (Trans. 
N.Z. Inst., vol. 37, 190'lr, pi. 48 ; but compare 
with Geol. Rep., 1888, sketch-map opp. p. 30). 
We believe that the former map is totally 
misleading, though the latter almost represents 
the actual outcrops. The statement that the 
Weka Pass and Amuri limestone are thrown 
into folds in which the Tertiaries take no part 
whatever ” we believe to be erroneous. ' The 
actual structure is as shown in the accompany- 
ing map and diagrams (figs. 4, 6 ; also sec- 
tions 2, 3, fig. 6), an anticline pitching sharply 
to the east and bringing the limestone outcrop 
on the east of the anticline to the level of the 
railway. To the north this is succeeded by a 
syncline pitching east and by another sharp 
anticline, but east of the railway-line the pitch- 
ing anticline and syncline radiate from a point 
near the viaduct, where they die away; so 
that further east the north limb of fho 
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hyncline or the south limb of the aiiticliuc beyond alone remain. Not 
only docs this simple structure explain the somewhat iiTe|>ular nature 
of the outcrops, but also the sudden bend of the Woka Pass Creek 
into the hard limestone, for this course we believe it followed in the upper 
softer beds above before it coiToded its bed as low as the surface of the 
harder uock. In addition to tins observ«ition, there is further evidence in 
the parallel nature of tlie oiitciops of tlu* Mount Brown and Weka Pass 
stone between the Weka Pass and the Waipara Gorge. Standing on the 
summit of Moiuit Donald and looking southward, this is a particularly 
marked character. The two beds are hard, and dip approximately S.E. 
at an angle of from 15° to 20°. Sharp escarpments have naturally been 
formed, and are the dominating features of the country. They can be 
seen and followed with the utmost distinctness over miles of comitry 
without any bend in the strike of either being noticed. This statement 
is in perfect accord with the oliservations of McKay quoted earlier. 

3. Relation of (hry Marl to Mount Brown Beds, — Hector, McKay, and 
Hutton agree on an unconformity here ; Haast and Park have failed to 
observe one. Hector and McKav rely mainlj' on the junction of these beds 
exposed in the Waipara Gorge. This junction is now' w>’(‘U exposed, owing 
to the formation of a road -cutting. We examined this with great care on 
the btli February, 1910, and unrcseiwedly agreed that in this clear section 
there is no unconformity whatever, but a gradual change from the one 
foimation to the other. Hutton relied mainly on a railway-cutting in the 
Weka Pass a little south of the 4Ith mile-post. Here there is a clear break 
in the stratification. However, the beds on the two sides are of the same 
nature (Mount Brown bods), and the plane of union is most regular, and 
inclined 45°. This we believe to be a small fault, but the throw cannot be 
measured. Park and Hector do not mention this section. 

4. The Junction between the Mount Brmvn and Greta, Motunau, or 
Awatere Beds of Different Classificatio7i$, — Parh alone has described an 
unconformity here. The section on which he relies is near the 43rd mile- 
stone. The coralline sandstone (of his Moimt Browm or Miocene series) 
that he describes as having an isolated outcrop at the south-east "we found 
was continued without break above the sands that he refers to the Motunau 
or Pliocene series. At the norlh-w'-est end there is no indication of uncom- 
fomity on the Houth-west side of the cutting to which he refers. The 
section hero, however, is so much obscured by vegetation of many years’ 
growth that details were not distinct. On the noHh-east side of the section 
the details are perfectly distinct, and there is a complete conformity in the 
s(*ries. In regard to this matter we are in agreement "with all the other 
geologists who have examined this countr}’'. 

Careful and detailed examination of all these described unconformities, 
made with descriptions and diagrams of previous observers in our hands, has 
convinced us that there is no unconformity in the Waipara and Weka Pass 
sections. 

(L) The Amuri Bluff, 

Here McKay has described a complete conformity, but Hutton states 
that on the south side of the Bluff the Amuri limestone is unconformable 
to the Grey Marls which here overlie it to the exclusion of the Weka Pass 
stone. This unconformity is based on the change in dip of the two series. 
Our observations showed that the Grey Marls dip more and more steeply 
as they are followed to the west, and that the Amuri limestone does not 
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dip more steeply than the lower strata of the grey marl which arc in conta( t 
with it. At the entrance to the Okariki Stream there is, however, a strong 
suggestion of an luiconformitv which apparently was not noticed by Hutton. 
Here the Amiui limestone is locallv puckered in an extraordinary manner, 
while the Grey Marls are stratified simply. A phenomenon of a precisf'lv 
similar nature'is to be seen at Kaikoura, and, judging by Jlaast and Hutton’s 
descriptions, m the valloY of the Conway as well. At K.nkoura Ihiiton 
describes this as an unconformity. McKay, whose opinion is indorsed by 
Hector, is stronglv in favour of conformity.f (See fig. 6, section I.) 
Boehm, who has also visited this locality, refuses to give an opinion on 
this matter : “ Ich gestohe, dass ich nicht daruber in’s Klare gekommen 
bin, oh der grey marl concordant odor discordant fiber dem Amuii 
hmestone Hegt.”"j Ota* opinion is that the two series are perfectly 
conformable, but during the folding movements to which they have 
been subject the plasticity of the grey marl allowed this rock to 
peld to the force without its whol(‘ mass becoming dcfomied. The 
hard and unyielding nature of the Ammi limestone, however, prevented 
an}i;hing of this nature taking place, and finally adjustment by folding was 
necessary. It is only locally in the most restricted sense that the Amuri 
limestone has been affected in this way, as is clearly seen at the Amuri 
Bluff, where at the worth head this rock and the grey marls are display<‘d 
ill perfect clearness, and arc absolutely conformable. The section at the 
Bliiff is also of extreme impoitance, because there the Black Grit is well 
developed, and this is the lowest bed of Hector’s Cretaceo-tcHiary, Th(‘ie 
is here ceitaiiily no uncoiifoimity separating this bed Irom the rocks 
accepted as Cretaceous by all the authors cited ; and this is admitted by 
Hector, who states that “the fuiiihei* work of the Survey tended to show 
that the Lower Greensand formation (Cretaceous) was almost uiiivei sally 
followed conformably by the Cretaceo-tortiary series, and that, too, in a 
manner which but little supported the idea of any unconformity separating 
the lower beds and higher beds of the two formations.”! 

In other respects the section at the Amuri Bluff calls for no fuither 
mention at the present time. Wo only wish to emphasize our opinion that 
here, as at the Waipara and the Weka Pass, there is a perfect conformity 
from the youngebt to the oldest of lliose members of this younger soricb of 
rocks whicli are present. 

We have also been unable to find any unconformity between any 
members of the berics ot younger rocks at the mouth of the Jed River. 

(c.) Othc) ^'Cretaceous''^ Localities. 

There are many other localities where Cretaceous rocks have been 
described by one or more authors, and the existence of unconformities 
between them and the Caiuozoic rocks has been asserted. These localities 
we have not visited in company, and but brief mention of them "will be made 
here, as they have not been taken as typical. 

Castle Hill (TrelissicL) Basin . — ^This has been described by Hector, 
Hutton, and McKay, and unconformities have been noted by all three. 


♦Hutton : Q.J.a.S., 1886, p. 273. 

t GeoL Rep., 1886-87, p. 74 ; also Hector, loc. cit., p, x. 

i: Boehm ; Zeit. d. Deutsoh. Geolg. Gesellsohaffc Jahrg., 1900, p. 173. 

§ Hector : Rep. GeoL Surv., 18^-91, p. 11 
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In some cases these arc fonnded on an incomplete oxamin.iiion ot tlic 
district. The se(iuen(*e is slightly different from that which occurs in other 
parts of the country. The lower part (the Waipara system ol iTaast) cor- 
responds almost exactly with that at the Waipara (lorge, biii the uppiT 
limestone —the equiyalent of the Wcka P4iss stone of II niton and the 
Mount Brown limestone of the Suryoy — is said by both Hutton and McKay 
to rest on the lower beds iinconformably. The interpretation of tin* sections 
is, however, rendered very difficult owing to th(' disturliance caus(»d by 
the volcanoes which broke out at the period when the limestones weie being 
laid down, so that this unconformity may be deceptive. In any case, in 
those parts of the basin where the sequence is little disturbed no undoubt(*(i 
unconformity can be seen. Another uiiconfoimity above tlie limestone has 
been urged by the same two observers, but there seems to l)e no necessity 
for this as well. It cannot be said definitely, however, that none (‘xists, 
as the beds are much disturbed by faulting, folding, and by vol(*anic action, 
and the district can hardly be regaided as a critical one for the elucidation 
of the Tertiary sequence. It should peiluips be noted that the section 
given hy Hutton of the Hog’s Back, which shows an undou])tod un- 
confoimity between the Pareora series and the Amuri linioslone, is not 
coiTect, and is apparently based on unreliable infonnation. 

CurwsiUj Shop Beds , — This well-known occurrence of the Tertiary series 
has^ been thoroughly dealt with by Hector and Hutton. The formei, 
basing his conclusions on the observations and report of McKay, placi\s 
an unconformity at the base of the equivalents of the Mount BroWn s<‘rievs 
and over a limestone correlated with the Ototara limestone of the RuTve> . 
Hutton, how'ever, maintained that the series was conformable from top 
to bottom, and after a careful examination of the locality we can sec no 
reason whatsoever for the unconformity and agree witli Hutton in liis 
interpretation of the section. 

Motunau Creel ', — This locality is an important one, as it gives a c*omplete 
sequence from the base of the series, with coal-beds and saurian remains, up 
to marls which have been classed as Upper Miocene by McKay and Low'cr 
Pliocene by Park, A careful examination of the sections so clearly exposed 
in the Motunau Creek reveals no unconformity, the dip and strike of IIk* beds 
being constant from top to bottom, or, if' any undetected variations do 
occur, they can only be very slight, and cannot affect the general conclusion 
that the sequence is conformable. The only appearance of an uuconformil v 
is suggested by the thinning-out of the Amuri limcbtone (the Weka Pass 
stone is absent in the section exposed in the creek) on going north, where 
it is apparently replaced by a calcaa‘eous sandstone, whidi is a natauni 
transition on approaching a shore-line. 

West Coast of South Island , — The coal-series of the west coast of the 
South Island was tentatively classed in the Cretaceous by Hc(‘tor, and 
definitely so by Hutton. There is practically no evidence of the ago of 
these beds, for that given by Haast has never been confirmed.* It appears 
that, despite the many excellent sections that are exposed, no definite 
evidence has yet been found of an unconformity. Lately Morgan has hiid 
emphasis on the occurrence of pebbles of coal in a grit.f This ho regards 
as evidence of the elevation and erosion of the coal-series before the upper 

TVT 1 ^ Topograph, and Goolog. Bxplor. of Western Nelson, p. 106. 

JMeison, lool. 

t Morgan : Third Annual Rep. GeoL Surv., 1909, pp. 12, 13. 
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r(K*ks were deposited. He has, however, up to the present been unable to 
find any stratigraphical break, and the occui-reuce of the coal pebbles may, 
in the meantime at least, not unreasonably be ascribed to contemporaneous 
ei'osion, or even in many cases to the inclusion of wood-fragments in the 
sediment. 

The coal-measures of Pakawau have been placed by Hutton in the 
Cretaceous. This is apparently based on the occurrence of fossil plants 
and on the nature of the coal. One of us has carefully examined the 
ground, and has formed the opinion that in that locality no uncoiifoimity 
separates the coal-measures from the overlying rocks of admitted Cainozoic 
age. This is in accord with the opinion of Park, who in 1890 classed no 
beds but the Chretaceo-tertiarv as lying between the glacial matter and 
Palaeozoic strata.* Cox, in 1883, had described a Lower Greensand 
formation as lying below the CVetaceo-tertiarv series, but makes no mention 
of a brcak.f 

Poverty Bay . — In the Poverty Bay district a complete series of Greta - 
c(‘ 0 U 8 and Tertiary rocks has been described by McKay.J This district 
has, however, lately been worked in detail by Ada ms, § who classed all the 
rocks of Upper Miocene* * § age, stating that no marked unconformity was 
observed between any of its jn<‘nibers. One of us has (‘xamined the sections 
ill this area in great detail, and is positive that no unconformity was shown 
in the many miles of continuous sections displayed. 

Shag PoiiU , — Here Hutton, || Ilaast,^ and Park** have described an 
unconformity, but in different localities. McKay, ft m 1886, showed clearly 
that Hutton’s and Haast’s break was really due to a fault, as stated pre- 
viously by Oox. The xmeonformity refeiTcd to by Park is a matter of 
inference, and is placed in the middle of the Shag Estuary, where no rocks 
crop out at the sui*face. One of us visited this district, but was not able 
to go over the ground in any detail. No evidence of an unconformity was 
found as a result of the examination made on ihis occasion. The rocks 
are here somewhat more folded than usual, and it is natural to hesitate* 
to allow the presence of an unconformity until the effects of faulting and 
folding have been fully set out. This was done by McKay, and, we believe, 
\rttb considerable success in showing that such structural features satis- 
factorily accounted foi* the position of the various outcrops. 

{(h) Oamaru District. 

The variety of opinion in regard to the relation of the rock-series in the 
very clear sections of North Canterbury becomes still more confusing xvheii 
attempts are made to (*on’elate with the Canterbiuy scries the younger 
rock-outcrops occurring elsewhere (see fig. 7). This is parlicularly true 
of Oamaru, where there is a clear series with quartz gravels at the base 
and marly shell beds at the top. The difiereiit members of the series are 
shown in the accompanying diagrams. In this series Hector inserted two 


* Park : Pop. Gool. 8urv., 1890, p. 229. 

t Oox : Rep. Geol. 8urv., 1883, p. 71. 

{ MoKay : Rep. Oool. Surv., 1886, p. 192, map; also (xcol. Kxplor., 1900-1, p. 23. 

§ J, H. Adamb : N.Z. Qeol. Surv. Bull. No. 9 (n.b.), p. 12. 

11 Hutton : Oeol. of Ota^o, 1875, p. 46. 

KHaast: Geol. Rop. 1873-74, p. 24. 

Park : Gool. of Now Zealand, 1910, p. 110. 
tt McKay : Geol. Rep., 1886, p. 22. 
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iinc-oiilormities, al)o\e aiul below the Flulchinsoii Qiiairy beds, vvhich rest 
on the woll-knowii Oaiiumx stone. The Hutchinson Quarry beds are gi eon- 
sands, with many brachiopods and other tossils. They ai(‘ generally l<dcen 
as equivalent to the Mount Hrown beds. 

The Awamoa beds are more marly, and undoubtedly ivst on th(‘ 
Ifutchiiison Quany bods. They contain an abundaiu'e of lon»is of littoial 
MoVusca. The series is particularly well exposed at the rille-butts vsoulh 



of Oamaru, and there the conformable* nature of the seiio^ is distinct, as 
noticed by Park. Anothei junction between the Awamoa beds and the 
thin development of Hutchinson Quarry beds is exposed at the north end 
of All Day Bay, and here there is a conformity, as was admitted by McKay,*** 
who in the same reportf states that the Miocene beds (Awamoa) pass gradu- 
ally into the Hutchinson Quarry beds, and thus he admits the conformable 
uatui e of the whole series. 


♦ OooL Bop., 188«, p. 286. 


t Loc Ci7., p. 23,*). 
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One of us has spent much time in this district, and has made a cai*eful 
inspection of these and oth(M sections (see fig. 8), and is positive that the 
• different members of the series arc perfectly con- 

formable in all the sections that he has visited. 
Even if, as is reasonable, the seri(‘s be recognized as 
(ompletely coiiforinalile, the con elation of the strata 
«dlows room for a clifTercnce of opinion when they 
are referred to the typical occuireuces in Noith 
C^aiiterbury . How gi eat those differences of opinion 
are may be seen from the accompanying table (fig. 7). 
In our opinion, it is perfectly reasonable and satisfac- 
tory to correlate the groups that are lithologically 
simila r throughout. Thus the Oamaru stone aiid the 
Amiu’i limestone arc similar, and should bo corre- 
lated. So with the concretionary greensands and 
the Mooraki boulder- bods, the quartz grits and the 
basal conglomerate, the Weka Pass stone and the 
ITutcliinson Quarry beds. The full reasons for this 
suggested correlation will be explained later. 

It is of importance to note that Boehm is unable 
to accept the separation of the Oamaru stone as 
Cretaceo- tertiary from the Hutchinson Quarry as 
Eocene, He says that the only distinction he can 
discover is that one fonnation is richer in fossils 
g e I ;/^ ] S than the otlior, and that at Oamaru he can find no 
(evidence in favour of placing the Oamaru stone in 
a CVetaceo-teiiiary class.* 

Park has made much of a suggested distinction 
between two limestone series at Oamaru. f The only 
place where these two limestones are said to ocom* 
111 the same section is at Kakauui North Head, and 
there they are separated by a volcanic rock only. 
Since 1 he breccia at Oamaru and numerous sections 
in its neighbourhood show clearly that volcanic 
action was prevalent during the deposition of the 
limestone, this section is not convincing. McKay 
in his last report on the district omits all mention 
of two limestones, and one of us who has closely 
examined the district has failed to find any 

(‘A'^idence of the presence of more than one limestone. 

This limestone is commonly known as the 
Oamaru stone, but in geological reports it is called 
in almost every case the Olotara series. AVhile too 
much space would b(^ taken in stating the strati- 
gr*iphy in detail, the writers are of opinion that 
theic is but one limestone formation in the district, 
and that its character becomes in general less pure and gradually more 
arenaceous as the old shore, usually to the west, is approached. 

This point of view is strongly supported by Boehm, who specifically 
states that the rock at the Devil’s Bridge, the upper limestone at Kakauui, 


1 


♦ Boehm ; <1. X)(‘iiNc*h. Geolg. (a*s(‘lls(*haft Jahra;., liMKI, j). 175, 

t J^ark : 'Frans. N.Z. Jnst., 1904, vol. 37, p. 504 ei i>€q. 
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and tlio limestone at Totara are all exactly the same series^ McKay also 
correlates the Ihnestone at the Kakanui with that at Totara.f 

(e.) West Coast of the North Island. 

The series o£ Cainozoic rocks on the western side of the Noitb Island 
from Kawhia to Palmerston is lying almost horizontally. There appeals 
to be no luiconformity throughout, tand there is the same order of doposiis 
as found in North Canterbmy, Nelson, and elsewhere. The lower membeis 
of the series are, however, exposed in the north only as far south as Tnu- 
marunui. They have been divided into different series fi’om the Cretaceous 
to the Pliocene, J but on general piinciples only. Bell§ regards them 
Tertiary, and mainly Miocene ; Park|| as mainly Pliocene, though the 
lower members are classed as Miocene. The most noticeable point about 
the development of the rocks in this area is the great thickness of the upper 
members of the series : the grey mails are probably not less than 2,000 ft. 
thick. 

(/.) North Auckland. 

Recently a careful survey has been made by Clarke of the Whaugaroa 
district.^ The Kaeo series as there described is formed of the younger 
rocks. It consists of conglomerates, tuffs, concretionar}" shales, massive 
limestones, greensands, and calcareous sandstones. It is, however, doubt- 
ful whether this is a conformable series. If it is so, it strongly resembles 
the series developed in North Canterbmy. 

((/.) WaUeniata. 

[Contributed by E. de 0. Clveke.] 

As elsewhere in New Zealand, the succession and relationships of the later 
sedimentary rocks immediately to the south and east of Auckland have 
been interpreted in more than one way. Most of the interpretations ha^^‘ 
probably attracted little notice. In his widely known Summary of the 
Geology of New Zealand,”** however, Hutton gives a section illustrating 
his conception of the relation between the representatives of his PareoiM 
and Oamaru systems betvecn the Wairoa River and Howick. He gives 
no detailed account of the section beyond saying that it “is liard to iindei- 
stand but is quite clear. The Pareora system has been skjwii by Mr. Co-> 
and myself to lie quite uncouformably on the Oamaru system in the Aiick- 
laud Province.” In an earlier papor-tt he says, “At Tm-anga Vivok we 
find the -water-worn surface [of the Papakm* * * § ** a series] covered by a series 
ol yellow clays and sandstones which form part of the Waiteinata series 
of Professor Hochstetter.” He also gives a section {be. cit., pi. xxvii, 
sec. iv) -with which the section given in Q.J.G.S. agrees in essentials. 

General. — ^After a complete examination of the district, and specially of 
critical localities, the author has come to the conclusion that the following 

* Boehm : Zeit. d. Dcutsch. Geolg. Gesellschaft Jahrg., 1900, p. 174. 

t McKay : GeoL Rep., 1883-84, p. 63. 

t Park : GeoL Rep., 1886-87, p. 180. 

§ BeU : Aanual Rep. GeoL Surv., 1910, p. 6, 

II Park: N.Z. Geology. 

i[ BeU and Clarke : N.Z. GeoL Surv. Bull. No. 8(n.&.), 1909, p. 47. 

** Q.J.G.S., 1885, vol. 41, pp. 209, 210. 
tt Trans. N.Z. Inst., vol. 3 (1870), p. 247. 






rates, sandstones, clays, and limestones — which are typically exposed in 
Slippery Creek, near Papakura, and to which the name of Papakura series 
was given by Hochstetter. The characteristic beds of the Papalcura series 
have since Hochstettor’s time been fonnd to extend along the flanks of 
the hills in a northerly direction at least as far as Waikopua Oi^eek, where 
limestone resembling that in Slippery Creek was found by Park, 
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Tlie beds of sandstone and clav with interbeddod volcanic grils exposed 
lound Ihc shoies of the Waitemata Harbour have been Icnown since the 
days of Hochstettor as the AVaitemata series. 

The Waitemata senes is unconloimably overlain by the la^a-fiows and 
ti'agmental volcanic material li'om the volcanic vents oi the Auckland 
Isthmus, and at Paiimurc by later sedimentary deposits. 

All observers appear to agree that between Maractai and Tui‘ang«i 
Oreek locks belonging to the Papakura series arc represented, while the 
sedimentaries between Turaiiga Creek and Auckland aie unanimously called 
Waitematas. Near Turanga Creek, therefore, the contact between the two 
series, if they are distinct, must occui. 

Cox, in a paper On certain Points Connected with the Geology of 
the Auckland District,’** gives a section from Maractai to Tamaki West, 
in which he shows the “ Maitai slates ” overlain by the following sequence 
of rocks : “ (6) Calcareous sandstone, (c) clay marls, (d) concretionary 
tufaceous sandstone, (e) clay marls, (/) concretionary tufaceous sandstone, 
{^) bedded sandstones and clay marls, {h) plastic clays and sands.” He 
says that either a direct sequence occurs from [h) to the Orakei Bay beds, 
with a possible miconformity between (d) or (/) and the Howick beds— 
presumably (e), (g), or (i) — or else that the beds forming Howick Penin- 
sula are unconformably yomiger than both (d) or (c) and than the beds 
found betw'een Tamala West Head and Orakei Bay. AMiile he regarded 
Ihe latter view as the more probable, lie considered that stratigraphical 
endence favom'ed the former %uew. Hutton's vieA\s have already been 
summarized. Park (wdth whom McKayf agrees m this matter) iii two 
papersj affirms the conformity of the AA’^aitemata and Papakiua series 
east of Howick, considering that the irregular overlap taken as evidence 
of unconformity by Hutton and Cox was due to unequal erosion of hard 
and soft beds. 

In his paper on The Volcanic Beds of the Waitemata Series ” Fox§ 
remarks (p. 485) that from the Papakura limestone to the highest Waite- 
mata sandstones the series apparently has no break. 

The evidence for miconformity between the Waitematas and the Papa- 
kuras appears to depend on (1) the relation between tJie series as seen ncai 
Turanga Creek; (2) the relation between the series as scon in the (*hffs 
between Howick and Maractai. 

As regards (1), the ^vriter lias lollowed Ihe sequence from the so-called 
Turanga greensands (which are volcanit* grits)|| whi(*li Hutton regards 
as part of the Papakura series to the undoubted Waitematas at Howick, 
and after mapping all the obseived strikes and dips^i can find no evideiu e 
of unconformity. 

As regards (2), passing along the shore-line fi*om Motu Karaka towards 
Maraetai, alternating sandstones and clays, in places dipping steeply, in 
others almost horizontal, are seen to be quite imcoiiformably overlain iioai* 
the top of the low cliffs by a soft clay showing little or no bedding. In 
the upper part of this clay is a well-defined horizontal seam, about 6 in. 


Rep. Geol. ISuir., during 1881. 
t Bep. GeoL Surv., during 1887-88, p. 40. 

t Rep. GeoL Surv., during 1885, p. 136, and Trantw N.Z. Inbt., vol. 22. p. 301. 
§ Trans. N.Z. Inst., vol. 34, p. 485. 

II Pox: Trans. N.Z. Inst, vol. 34, p. 485. 

Too numerous to place on the rough skotch-max) s-ccompanyiug thib jiapcr. 
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thick, wliicli may be tiaeed for a considerable distance along the cliffs. This 
band appears to be a very impuie puniieeous earth. 

According to Hutton, the lowest beds seen in the section described 
above aie to be (‘hissed witli tlio Papakuras, the upper beds with the Wai- 
lomatiis. But the lower beds show a very close resemblance to the typical 
Waiteinalas as seen near Ho wick, at the other side of tlu* Tui'anga Creek, 
and may be tiaced at intervals louud the shoies of Tui’anga Creek until 
they are found to pass into the upper rocks wiiich Hutton desenbes as 
Waitematas, and which lie says unconloinnibly overlie the greensands 
(belonging also to the Papakura senes) at Turanga Creek. On the other 
hand, the uppermost beds seen in the cliffy* between Motu Karaka and 
Maraetai are quite distinct lithologically from the Waitematas as developed 
elsewhere. 

>Stratigraphi(*ally and lithologically, therefore, theio seems no reason to 
regard the lower beds lictween Motu Karaka and Maraetai as other than 
Waitematas, and lithologically theie is good reason to regard the upper 
beds as distinct from the Waitematas, and younger. 

It may be of luteiest to note that at Slippery Creek, while the bed of 
the civek is 0 (cu])itHl l)y the iossibf(n*ous limestone and conglomerate of 
the Papakura s(‘ii('s, the upper p.irls of the hills bordering the stream are 
composed of a Itcu'iiating sandstones and clays showing a (‘lose resemblance 
to the lypu‘al Waitemata beds. No eviden(‘e of unconformity between the 
upper and lowei beds just described could be found by the writer. 

Strut igrapliical evidence too detailed to be given in this paper has been 
collected by the writ(M‘ which shows that there is little or no vertical differ- 
ence between the lowest beds of the Waitematas and the lowest beds of 
the Papakuras. 

In conclusion, therefore, it seems highly probable that the Waitemata 
and Papakura sciies are pari of one conformable series The differences 
between the typical beds of the two series would, of course, be duo to differ- 
ences in (‘onditions of deposition. 

l\\ DKPOSLTIONr OF R(KMCS OF TEIF SlfiRITiS. 

(((,) OcncraL 

A careful consideration of the strati fi(‘at ion oj these younger rocks, 
a brief summary of which has Ixmmi given in tlie preceding pages, has im- 
pressed the writ (MS with the* belief that there is a single stratigraphical series 
01 yoiing(M‘ ro(‘ks in New Z<M!,ind, and that this series is of very general 
dovoloiinient and has <i remarkably similar lithological succession in all 
th(' localities. Then' an', however, some problems of considerable diffi- 
culty tbai re(juire solution it this statement be adopted. Briefly stated, 
the main problem is of this nature. At the Waipara Clorge, Amuri Bluff, 
and the Malvern Hills, fossils that have decidedly Cretaceous affinities are 
found in the lowest rocks. The most imiiorUnt of those are Belemnitcs 
australis Phillips, Conchothyra parasitica McCoy, Trigonia costata Hector, 
Trigonia sulrata Hector. Inoceraynus haasti Jlochstetter, as well as a con- 
siderable number of spc(*ies of pythononioiphs and saiu’opterygians. In 
the middle bods (Mount Blown) the Mollusca have a definitely Cainozoic 
appearance, and 20 per cent, belong to Recent species. In the highest 
beds 60 per cent. (Ifutton) or 71 per cent. (Park) belong to Recent species. 
Though it is not lu're intended to lay great emphasis on the perceuiage 
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of Recent species, tbeso figures are quoted to show the great palaeonto- 
logical difference between the lowest and the highest beds. So great is this 
difference that it is natural to look for breaks in the stratigraphies 1 sequence, 
and the temptation is naturally great to lay emphasis on any slight local 
iiTegularity in the stratigraphy and to magnify it into an unconformity. 
A consideration of this difference perhaps causes one to demand horn an 
observer who holds to the idea of a conformable sequenc*e a special explana- 
tion of the rapid faunal change, since the whole series as developed in North 
Canterbury is not more than 3,000 ft. thick. 

(&.) Explanation of Rapid Chanye of Life-foims, 

We believe that this explanation is to be found in these thi’ee considera- 
tions : (1) A possible isolation of New Zealand during the late Mesozoic ; 
(2) a possible lingering of archaic types ; (3) the very slow rate at which 
the deposits accumulated. 

( 1 .) Isolation, 

Evidence as to the previous isolation of the eastern coast-line of New 
Zealand is somewhat conjectural. It is, however, certain that in the 
middle Mesozoic great rock-movements were in progress, and the early 
Mesozoic rocks of New Zealand were folded and elevated into mountain- 
ranges of great size. So important was this movement in New Zealand that 
it is reasonable to inquire whether it extended be3’’ond the boundaries of 
the present land. It is then found that to the north the rocks of New Cale- 
donia of early Mesozoic age are also folded. In the south the quartz gravels 
of the lowest members of the series of younger rocks in Campbell Island 
were evidently derived from folded and metamorphic rocks similar to those 
of Otago. There is no definite evidence of further extension, for the Beacon 
sandstone of South Victoria Land can hardly be cited in this connection. 
If the New Zealand shore-line at that time (the close of the Mesozoic) ex- 
tended from very low to high latitudes a measure of isolation would be thus 
obtained. It is noteworthy that in the folded and highly eroded rocks 
of early and middle Mesozoic age marine reptiles were numerous. Trigonia, 
I)K>ceramu8, and Belemnites were weU represented ; so that in regard to these 
organisms at least there is a suggestion that during the great interval 
throughout which immense rock foldings and erosion were in progress the 
fauna of the coast-line suffered but little from the competition of now and 
more vigorous organisms. 

( 2 .) An Aichaic Fauna. 

It is well known that at the present day many forms long extiiK^t in 
Em*ope and America linger and maintain an existence in the south-west 
Pacific. The Triyonia of Australia, (Jeratodus^ SpJienodon, and such genera 
as Struthiolaria are, of course, examples, and it is possible that owing to 
causes apart from isolation many Mesozoic forms had sur^dved in New 
Zealand after they had become extinct elsewhere. 

( 3 .) Slow Rate of Deposition. 

(i.) Conglmyieraies . — We are inclined to ascribe much of the advance 
in the fauna to the mere lapse of time. It is true that the total thickness 
of the strata is not more than 3,000-3,500 ft. at Waipara, where all the 
strata are present ; but it is also known that nearly every member of the 
series has a thicker development elsewhere — to take a single example, the 
bottom hundred feet of sands and gravels is represented by 7,000 ft. of 
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gravels in Westland. It is also true that the greater part of the series was 
deposited on a slowly subsiding sea -floor, and w^as derived from a slowly 
subsiding land on which all the stream-grades wej‘e thus being gradually 
j'educed, and most of the material was doubtless utilized in filluig up pre- 
\iously eroded valleys. At the same time the aiea from which sediment 
tould be deiived w^as constanlly being reduced. A more detailed descrip- 
tion of the different strata is, however, necessaiv in order that the slow" 
rate of deposition should be fully loalized. 

The basal gravels are, as previously stat(‘d, 7.(KK) ft. thick in Westland. 
They are certainly more than 1,000 ft. thick near Cape Farewell, and perhaps 
3,000 ft. thick at Shag Point. This thickness points to a consideiablc lapse 
of time In most localities w"-heie they are relatively thin the component 
pebbles show evidence of great and prolonged attrition. This is most 
marked in Otago, where the gravels are composed almost w'holly ol quaitz 
pebbles, and they are unquestionably derived from rocks of mica-schist. 
The rivers that flow- from the schist at the present time carry dow^n schist 
pebbles amongst w^hich are a few" of quartz. A great amomit of attiition 
of the schist and a gradual suiwival of the hard quartz pebbles would be 
necessary" before the cliauge from the schist pebbles to a quartz gravel 
would result. This is equivalent to the statement that the riveis supplied 
material more slowlv, and that it was subject 1o most prolonged attiition 
on the beaches before it was screened by a new supply. The lowesf stratum, 
tlierefoie, by its nature or by its thickness indi(‘ates tliat much time elapsed 
during its deposition. 

(ii.) The Coals , — Interstvatified wdth these conglomerates there are in 
many places bods of coal which are sometimes of great thickness. Those 
certainly indicate a slow rate of deposition, and imply long periods of nearly 
stationary conditions separating the periods of more rapid depression. 

As the depression proceeded the area of land must have been greatly 
de<*reased, and this satisfactorily explains w'^hy in some localities an aren- 
aceous limestone rests directly on the eroded suiface of the older rocks. 
This is the case at Kawhia, and on the (rouland Dowms in the west of the 
Nelson Province. The search for geological indication of the presence of 
coal-seams has porliaps more than any other reason been the assignable 
<*ause for the close examination to which the Now' Zealand Caiuozoic rocks 
have been sul)mitted. In all places where coal has been found in these 
rocks it has boon near the base of ihe series, interstratified with the con- 
glomerates. Jt is, however, of local extent, of veiy vaiiable thickness, 
of variable composition, and occurs at very different levels. The fossil 
MoUusca associated wdtli the coal in different places are, how’cver, dis- 
tinctly different. This has been the reason for assigning the seams to veiy 
different ages. Hector classed some in the Cretac‘eous, hut the greater 
part in the Ch’etaceo-tertiary at the horizon of the black giit. Hutton 
considered several coals of Cretaceous age, others Oligocene, and some 
Miocene, in each case forming the base of the younger series of rooks in 
the districts where they occur. 

Not only have Ihey boon classed in various ages by different observers, 
but the same observer has placed them in very different ages in different 
publications, and the whole subject of the coal-seams has thus become of a 
complex and confusing nature. To illustrate this it is only neeessaiy to 
r(‘fcr to the following works of Park in reference to New Zealand coals : — 
The Extent and Duration of Workable Coal in New Zealand ” (Park, 
Trans. N.Z. Inst., vol. 21, p. 327, 1889) : “ The workable coals of New 
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Zealand are all ol the same age.” At tlie base of the group with a Toitiar\ 
facies ” (p. 325). 

“ Notes on the Coalhelds of New Zealand” (Proc. Inst. Min. and Met., 
vol. 8j 1899, p. 148) : All the workable seams ol coal are found in mea- 
sures of Lower Eot‘ene age.” “ Coal never has been, and never will be. 
touud below Amuii limestone” (p. 150). 

“Ago and Eolations of New Zealand Coalfields” (Trans. N.Z. Insl.. 
vol. 36, pp. 413, 418, 1904) : Cretaceous coals (below Aniun limestone) : 
Waipara series —Pakawau, Mokihinui, Westport, Greyniouth, Malvern 
Hills, Shag Point. Miocene ; Oamaru series -All the other coal-seams, 
of which seventeen are enumerated. 

Proceedings N.Z. Inst., 1909, p. 59 : The Green Island Coalfield is 
classed as Mesozoic. 

“ Geology of New Zealand,” 1910, p. 293 : Upper Cretac rous : Wai- 
para — Shag Point, Kaitangata, Malvern Hills, Kawakawa, Hikurangi, 
Ngungiira. Watmanoaroa series: Eocene — Grey, Paparoa, Westport, 
Mokihmui, Pakawau. Oamaru series : Miocene — Taupiri, Waipa, Mokau, 
West Wanganui, Inangahiia, Mount Somers, Kakahu, Waihao, Ngapara, 
Waikouaiti, Gieen Island, Forest Hill, Nightcaps. 

Thus, to take a single example, he has classed the Kaitangata coal as 
Lower Tertiary in 1888, Lower Eocene in 1899, Miocene in 1903, and 
Ci'etaceoiis in 1910. 

Oui observations have led us to the opinion that the coal is always at 
the base of that development of the scries of younger rocks that happens 
to be present in any district. Since, owing to the great overlapping of 
the higher beds of this series, the base in any locality may be of any 
age between the Cretaceous and the Miocene, it is evident that the coal 
in particular places may be in any part of the Eocene, Oligocene, and 
perhaps occasionally Miocene system. It is therefore, in general, useless 
to classify the fossils and assign the shell-beaiing strata to any definite 
period as a preliminary to a search for coal. It is only necessary to deter 
mine the depth of the base of the series, fox it is there that coal may be 
found, whatever the age of the base of the series in that locality may be. 
It has been recognized by all authorities that individual coal-seams art* 
not widely extended, and the frequent presence of quartz or oilier pebbles 
in them suggests detrital origin. It is tlierefore evident that geueiMl piin- 
ciples cannot here be used in predicting the occuironce of possible <‘oal- 
seams. Prospecting in each separate locality is necossaiv, lot* detaih'd 
stratigraphical methods are in the main uselobs. 

The opinion that is here expressed is strongly suppoited by the acknow- 
ledged absence of seams ot coal in any horizon above the basal conglonu*- 
late in any section. It coals had been formed in uncontormable series, it 
is not unreasonable to suppose' that seams w’ould be found in some localiti(*s 
in twm different formations at different levels. This has not 3"ct been found. 

(lii.) Greensands . — The greensands at the Waipara and Amiu*i Bluff 
were apparently deposited under somewhat exceptional conditions. Though 
containing little or no pyi*ite, they liberate large quantities of sulphuretted 
hydrogen from the natural exposures in cliffs, and in many places there 
is an effloresence of sulphur formed on the surface of the sandstone in some 
quantity. 

The associated grey and white sands are also almost entirely formed 
of quartz, and the same remarks apply to them. The greensands arc ot 
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great thickness in the Waipara, and at Ainiii*i BliitT 600 ft. We are not 
yet fully acquainted Avith the eonditiojis under Avhieh gj*eensand is formed, 
but the latest iiiformatioii shows that it is deposited near a steep coast 
where the water is particularly clear and peihaps 600 fathoms deep.* >Such 
(‘onditious evidently favour slow accuiuuJatioii, and this idea is supported 
bv the abundance of sharks’ teeth in the greensand in many localities. 

(iv.) Lmestoneb . — The limestones vary miicli in thickness and in nature. 
The limestone at the Amuri Bluff is formed mainly of isolated chambers 
of Glohigerina, It is here little nioie than a elm Ik. At other places the 
larger species that live on the sea-fioor ar(* more prominent. This is very 
noticeable in the more sand}’* varieties at Dunedin, and still more con- 
spicuously the Mokau, where the limestone contains also an abundance 
of the remains of the calcareous alga Liihothammuw , At Oamaru the 
building-stone consists mainly of xilates of ecliinoderms, with Pohjzoa and 
Foram ini fern. Near Cape Farewell coral is the chief organism in it. The 
deposition of the limestone must represent a considerable lapse of tim(s 
foi at Amui'i Bluff it is 650 ft, thick, and its nature there shows that it 
formed wilh extreme slowness. 

In all places it is uncoiitaminated with sediment, except quartz-grains. 
Its wide occurrence and penetration into many nioimtain-gorges shows 
how much of the present laud-area was submerged at this time. 

Above, as below, the limestone passes in many places into a greensand, 
but this upper stratum is relatively thin Avhen compared vdth the lower one, 
and this, of comso, suggests that the upward movement was more rapid 
than the downward movements. 

The grey marls <iro very thick in some places, though it is quite often 
the case that they have b(‘en eroded off the surface of the limestone. Their 
absence in the southern part of the South Island is perhaps to be explained 
in this way, though it is quite possible that they were never deposited in 
that part of the c*ouiitry. The grey marl consists largely of minute scales 
of mica, though these are mixed with much calcareous matter. 

The Moiuit JBrown and Pareora beds that lie on the grey maiis an* 
relatively coaj*se detrilal fomuitions, and may have been deposited much 
more rapidly th<ui the lower beds of the series. 

Taking the series as a whole, we think that the time required for its 
deposition was sufficiently great to allow of eonsid<*rab]o faunal change to 
take place, and s])eciully when a possible previous isolation is borne in 
mind. We regard it as almost sufficient in itself to account for the im- 
portant differciK'CS between the fauna of the lo\v<»8t and highest memheis 
of this fonforinable seciuence. 

V. COUHKLATION OF MkMIIBRvS OF THK SkRIES. 

As previously stated, we believe that there is <*omplete evidence of 
stratigraphical confoimiity of the rock-series here described. It is, however, 
a fact that the lowest member of the series in some localities, such as Waipara 
and Amuri Bluff, is much older than that of Kawhia and of Oamaru 
(Livingstone). Tliis has always appeared to justify the division of the series 
into different geological systems, which was based on the difference in 
faunal characters of the various members of th‘ series at AVaipara, and 
supported b}' the stratigraphical brt'aks described in the series by different 


* JVlurraj’ and Lee. 
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geologists. We believe that this occurrence oi a younger fauna in the 
basement beds in some districts than in others is due simply to overlapping. 
This, however, is difficult to prove, for earth-movements that have occurred 
since the deposition of these rocks have greatly altered the relative levels 
of difleront portions of the comitry, so that it is now diflicult, if not im- 
possible, to restore the early Cainozoic relief. 

The disposition of the Cainozoic series shows quite clearly that the 
relief was then highly varied, and, if that was the case, overlapping must 
have taken place to a great extent in a series which in some places was 
3,000 ft., in others perhaps 10,000 ft. thick, and deposited during a mov** 
ment of depression that was more rapid than the rate of deposition. 

This creates great difficulties in the way of all attempts to correlate the 
members of the rock-series as developed in diflerent districts, for the relief 
of the land before depression had been so great, and the movement of 
depression was so much more rapid than deposition, that limestones and 
conglomerates were in the middle of the period being deposited within a 
comparatively short distance from one another. This difficulty is par- 
ticularly marked because the lowest rocks are usually luifossiliferous. ] 

While great difficulties arise for these reasons in all attempts to correlate 
the basal conglomerates, there is not the same trouble in correlating other 
members of the series. This is particularly true of the limestones. The 
nature of this member of the series proves that it was deposited at the time 
of maximum depression, when some of the areas at least w'ere covered hv 
deep water, and the area of the land-surface was so decreased that littl<* 
sediment Avas derived from it, and in many places calcareous conglomerates 
were deposited on the very shore-line. The differences in the limestone in 
different localities have already been described, but it is necessary to state 
that the variations are found in detail only. The fact that where a com- 
plete series is developed the limestone always occupies the same position 
strongly supports the correlation of the limestones throughout the series.* 
This is the correlation adopted by Hector, and almost by Hutton, except 
that he placed the Amuri limestone in a lower unconformable series. It 
is wholly opposed to the classifi-cation of Park, who correlates the great 
limestone formation througliout the country with the calcareous knobbly 
conglomerate of Mount Brown. From this wo wholly differ, for the palaeon- 
tological evidence upon which it is based is far from complete, and can lx* 
interpreted in very different waA"s. The correlation is mainly ])jfc>c‘d upon 
the resemblance between the fossils collected by him at Mount Donald 
(Mount Brown beds^ and those of the Black Point beds, which are lower 
than the limestone in this locality ; and, again, thv' similarity of fossils in 
these beds to those in the Awamoa beds, which lie over the Oamaru stone, 
appears to be the reason for suggesting that a second bed of limestone — 
Waitald stone — should rest on the Awamoa beds. It is also assorted that 
McBlay and Hector ahvays agreed that the Pareora fauna lay below the 
Waitaki stone.t This appears to be an error, for in Hector’s Handbook 
the Pareora and Awamoa beds are placed in the Miocene, the Hutchinson 
■ QuO i T c y Jaed gt jp- the Eocene, and the Ototara series (Oamaru and Waitaki 
stone of Park) in the Cretaceo-tertiary. When this similarity of fossil 

* See T. C. Chamberlain : “ Diastropbism as the Ultimate Basis of Correlaiiou 
(** Journal of Geology,” vol. 17, 1909, p. 685). 

I- Trans. N.Z. Inst., vol. 37, p. 604, 1905. 
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fauna is closely questioned doubts are at once raised as to the correctness 
of inference drawn from it. 

Thus, of the twenty-eight species of Awamoa molluscs listed by Park* 
only fourteen occur in the list of thirty-six species recorded in the Mount 
Brown beds,t and eleven of his twenty species at Pareora Again, eight of 
these Pareora J species aie listed in the twenty-eight of the Awamoa, and 
eleven of the twenty occur in the Black Pomt beds, -while thirteen of the 
twenty-eighi Awamoa fossils in the Black Point and eleven of the twenty- 
three Hampden Beach fossils are found in the Black Point beds. So that 
when reduced to actual figures these lists do not show any special resem- 
blances. In nearly every case about 60 per cent, of the species in one list 
are fomid in other lists. It is certainly true that far more complete col- 
lections are required before palaeontology can be used as a basis for forming 
an opinion as to the exact stratigraphical position of any of these beds. 
When applied to the Waitaki and Oamaru limestone of Park, palaeontology 
is still less satisfactory. Thus, of four species Btated§ as disrinctive of the 
Waitaki stone three are quoted as found in the Oamaru stone. Again, the 
Oamaru stone near the old Miocene shore-line is said to “ gradually merge 
into a yellowish-brown calcareous sandstone containing the scattered remains 
of huge echinodorms.”!! The Waitaki stone as it approaches the old shore- 
lines is “ represented by the band of yellowish-brown calcareous sandstone 
with Meoma craw/ordiX\\ Since, as before stated, Boehm did not distinguish 
between the two limestones, and since in no place can Iwo limestones be 
seen in the same section except at Kakanui, where volcanic matter is inter- 
calated, even in this district, where limestone is very generally developed 
and nearly always seen in exposed sections, it appears unreasonable to 
attempt to maintain the presence of two limestone beds. 

The fauna throughout the various shell-beds, as already slated, main- 
Lains a general resemblance whether beneath or above the limestone, which 
is seldom more than 50 ft. thick. This merely shows that in this area, 
which was marginal during the deepest depression, little change took place 
in the littoral fauna durmg the deposition of the limestone. Greensands 
occur below the limestone at Maercwdieima, and above it at the Oamaru 
rifle-butts, Hutchinson’s Quarry, and Deborah Railway-station. In the 
three last named the lirachiopods arc almost solely large Magellaniaa ,* in 
the former, smaller speides and Bouchard iaa. It is not desired to insist 
upon this difference, for it may be duo to a difference in station, but it does 
at least suggest hesitation in correlating tliesi* greensands, as is done by 
Park. 

We are, however, in complete agreement w-ith Park in his belief that 
there are no unconformities other than those of an int(‘rforinatioual nature 
associated with volcanh* outbui’sts in the Oamaru district. The uncon- 
formities supposed to separate the Miocene, Eocene, and Cretaceo-tertiaiw'' 
of Hector, and the Oamaru and Pareora systems of Hutton, were found 
not to exist. On the other hand, clear interformational unconformities 
are to be seen at Hutchinson’s Quany and in many places at Oamaru Cape, 
and in every case they arc associated with the presence of fragmental 
volcanic matter. 

The general idea of a single stratigraphical series being present is, we 
believe, very strongly supported by the fact that there is no place in Now 

♦ Trans. N.Z. Inst., vol. 37, p. 512, 1905. f ciV., p. 640. J Loc. cit, p. 531. 

§ Loc. citf p. 494. II Loc. ciU^ p. 490. 
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Zealaud wheie the menibois ol one seiics rest on anothoi wnth a devolop- 
inent in any way approaching their normal diaiacter. Tins statcmcni 
IS true even il the uiu'oiifornuties described by diiteient authors be 
accepted. 

It is asserted by several geologists that one series has its typical develop- 
iiient in the Oaiuaru area, and that another series is typically developed at 
the Waipara. There is no localitv yet described where* a seiies r(‘sembliug 
that at Oainaru even in a general way tan be found lesting upon the lower 
or Cretaceous poi-tion of the series at Waipara oi Aniuii. Tin* same is true 
in a lesser degree of the other systems descTibed. 

AVhen the numerous excellent sections in dificjent pails of the country 
aie considered, this remarkable fact appears to the authors to strongly 
support the view that is here adopted — namely, that theie is a single series, 
of which the upper membeis overlap the lower, and hence in many places 
the series is restricted and the upper horizons only arc represented. 

It is noticeable that in all the bulletins issued by the reorganized Geo- 
logical Survey under Dr. Bell it has not been found pra(*li(*ablc to divide 
the younger rock-series into two or more systems. 

A7. CORUELA'llON WITH RuKOPEA^ HOKIZONS. 

Any coirelation of this nature must be piuely tentative, except inicgard 
to the lowest rocks at Amuii. The different coi relations tliat have hitherto 
been made have been based on the percentage of Recent Mollusca among 
tlio fossil forms in different members of the series. This is wholly lui- 
satisfactoiy, because (1) we do not even know with any exactness the 
present molluscaii fauna, though this difficulty will disappear when Mr. 
Suter’s ‘‘Manual of New Zealand Mollusca” appears ; and (2) many mem- 
bers of the series, especially the greensands and limestones, w^ere deposited 
in deep water, and our knowledge of the Recent fauna off the coast of 
New Zealand is, at most, fragmentary. The only comparisons that can 
be of any value are those between the littoral fauna of different strata. 

It is not certain that we have at present a description of the fauna ol 
the basement beds throughout the overlapping seiies, and it is therefore 
impossible to trace the changes that took place as time went on. 

Some time must elapse before this can be remedied, ioi in the gical 
majority of localities these beds do not contain fossils. Wlieie fossils Im\c 
been found they are of a vorv different natuie in the v<nious places. Thus, 
at Ammi Bluff and Waipara the lowest beds a^^ptMr to contain no lleccnt 
species. The same is true of the Malvern Hills and Blight on, though here 
there are veiy fov lossil species. At Black Point, ni the W<iitaki Valley, 
however, the iminbei of Recent species is considerable. As previously 
slated, we believe that tlie series was deposited diu*ing a great lapse of time. 
The lowest beds are, at the latest. Eocene, and peihaps Upper Chelaceous; 
the highest of the confoimable series are Upper Miocene or Pliocene. 

If, as is here suggested, the limestone is of the same age throughout 
the countiy, it should lie possible to come to a definite conclusion as to 
what that age is. The fauna that it contains are mainly echinoderms, 
Polyzoa, corals, Fm^aminifera, and sponge-spicules. Collections of each oi 
these groups have been examined by specialists, and the following state- 
ments have been made by them : — 

Tate said of the echinodems, “ There is no doubt that the Oamarii 
formation is correlative with the Lower Mun avian of Austiulia.” This, 
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li(‘ says, is comparable with the Euroi^eaii Eocene, witli <i slightly nioie 
(Vetaccoiib complexion.* « 

Tcnibou- Woods says of the corals, “ 1 have no doubt that h-oni tln‘ 
fossil corals the formation at Oamaru and that at Mount Gambier (ol Aus- 
tralia) were eojiteniporaueous. The stage accepted by him for the latter is a 
stage later than the Upper Eoeene.f The same author examined tlie Biyozoa 
and compaied them closely uith the Moiiiil Gambier toimation of Australia. 

Stache examined the Fo) am ini fa a obtained by the “ Novara ” expedi- 
tion from Kaglan and Whaiiigaroa. He classes them as the same age as 
those of the Vienna basin or of the Upper Oligoccne ot iioi'th Gonna ny.J 

Hinde and Holmes classified sponge-spiculcs lioin Oamaru. They class 
the deposit as belonging to the Upper Eocene or Oligocene.§ 

In addition to these, the sharks’ teeth oi the greensand have been 
(‘xamined by Davis, who, however, makes no suggestion as to the ago of the 
beds in which they occur. 

It is evident that there is a general consensus in favour of the bmestojie 
from which all these groups of fossils have been obtained being classed 
with bhe early Tertiary, between the late Eocene and the late Oligoccne. 
At present we do not intend any further coiTclation than this, and we 
believe that the late Oretac'cous or early Eocene may be taken as tlie age 
of the oldest bed, the Oligoccne as the age of the limestone, and the late 
Miocene or Pliocene as that of the youngest bed in the conformable serii^b 
at Waipara. A skelctou classification is thus formed which can satisfac- 
torily be filled up by the otlior member’s of the series. 

It is the intention of the authors to state fully the palaeontological side 
of the question in future papers. 

VII. Summary and Conclusions. 

1. In all the sections of this series of younger rocks that we have had 
opportunities of examining in different parts oi the comitry we have been 
unable to find any evidence of a stratigraphical luiconformity in a single 
instance, though our observations have extended over tliose sections that 
have been regarded as crucial by diliercnt observer’s. 

2. Though every geologist who has written about these sections pre- 
viously Las at one time or other insisted upon the existence of stratigraphical 
breaks, each observer has placed these in a diiferonl position in the sori(‘s 
from the others. 

3. The palaeoiitologh'al evidence shows that the fauna which existed 
when the upper beds were deposited was very different from that which 
existed when the lover beds Averi^ deposited. It is also suggested that ihib 
lapidity of faunal cliange is more apparent than real, and that the strata 
of this series wTre deposited at a very slow rate. 

4. Correlation has been confused because the overlapping natui*e of the 
upper momheis of i ho series has not been fuUy re<*ognizod. There is reason 
lor supposing that it is coiTect to correlate all the c’onspiciious limestones 
of this younger series as contemporaneous. 

5. So far as correlation with the European geological system is con- 
cerned, the limestone appears to be of early Oligocene age. The lowest bods 
of the series are perhaps Cretaceous, and the upper perhaps of Pliocene ago. 

•* N.Z.CJ.H., 1B02-.S)3, |>. 121. 

t PalAcontologv ot New Zealautl,” pi. 4, ISSO, p. 4. 

; lleise tl n* ‘ NovutiA ’ : Palaeontology^ p. 299. 

^ Journ. Linn. Sot , Zoo]., vol. 24, 1892, p. 178. 
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Ar'P. XXXIX . — The Post-tflacial (limatc of (Uinicrhinj. 

By R. SPEiaHT, M.8c., F.G.8. 

[Jlatd hejoit fh( Phdoscyphtcal InstiUile of Cantnbuty, oth (ktoba, IvlO | 

The quebtion ol post-glacial changes in climate has attracted so much atten- 
tion in Europe, and especially in Scandinavia, that it may not be out of 
place to consider certain indications which point to similar changes occurring 
in this part of New Zealand. It must be admitted at the outset that the 
evidence at present available is not strong, and that it is suggestive rather 
than conclusive ; but the author hopes that this paper may serve to attract 
attention to the importance of the question, and to the desirability of doing 
our utmost here to make more complete observations in order to sec if the 
same sequence of events followed the recession of our glaciers here as occurred 
in the British Isles and on the mainland of Europe. In the absence of un- 
doubted evidence, the conclusions herein advanced are tentative in nature, 
and may have to be modified subsequently, but in disposing of them — 
if, indeed, that does happen — our knowledge of an important question 
ivill certainly be increased. When it is considered that in spite of the large 
numbers of skilled workers who are studying the question in Europe the 
differences on major points arc very marked, and the conclusions arrived 
at on smaller ones are often diametrically opposed, the great difficulty 
of coming to any satisfactory conclusion on the matter in this country in 
the present stale of our knowledge will be readily recognized. The gene- 
rally accepted opinion as to late Quaternary climates in Europe is that 
alter the recession of the ice, or partly contemporaneously with it, northern 
Europe enjoyed a climate much milder than at present, and that climate 
increased subsequently in severity. A school of physiographers, following 
the lead of James Geikie in Scotland and A. Blytt in Sweden, have urged 
the occurrence of a succession of maxima and minima of cold, an idea winch 
has been supported by the work of Lewis in Scotland, and specially by that 
of the Geer-Soiiander school in Scandinavia, but their conclusions have 
received strong opposition from Gunnar Andersen and his followers, Si‘eing 
this great diversity of opinion among the leaders of thought on the matter, 
I may perhaps be excused if my own conclusions meel with critn'ism when 
the evideiK'e is so much more scanty. I hope, however, that some of the 
peat-bogs of Southland, Central Otago, and C^anterbury may be examined 
according to the Swedish methods, and an attempt he made to correlate, 
if possible, the events which followed the recession of the glaciers in this 
country with those that occurred in Europe. If this can be done our 
knowledge of the sequence of the general climate of the globe may be 
much increased. 

The question of change of climate in Canterbury was first brought 
strongly under my notice on the occasion of a recent visit with Dr. L. 
Cockayne to the head-waters of the Rakaia River, and I am indebted to him 
throughout this paper for advice and kindly criticism which have been 
invaluable to me. I owe to him and to others who have helped me witli 
information my sincere thanks for their assistance. 

The idea that the climate of New Zealand has undergone marked changes 
since the retreat of the glaciers is by no means a new one. Captain Hutton 
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came to this conclusion as a result of his observations on the oxtinctiori 
of the moa (Trans. N.Z. Inst., vol. 24, 1892). He says, on 154, 
It is also evident that the dead moas could not have been washed 
into swamps under the present climatic conditions, and the solution of 
the problem is to be found in the fact that in Pleistocene times, when 
these deposits of bones were iorined, the cliniat(‘ was very different from 
what it is now. ... As lh(‘ Pleistocene period passed away the 
climate no doubt got more e(juable, and the surviving moas once more 
increased and multiplied.’” His conclusion is based very largely on ob- 
servations made in Central Otago, and on a study of the conditions under 
which the bones were found in the swamp at Ghmmark, in North Canter- 
bury. A peculiarity in the distribution at the present time of birds allied 
to the moa may be noted here. Related genera, such as tlie ostrich, rhea, 
and emu, now inhabit countries with a dry climate, and it may perhaps be 
the case that the moas established themselves in the South Island of New 
Zealand when the conditions were sleppe-like in char<ieter and the moist 
climate was responsible for the diminution cither on account oJ their un- 
suitability lor such an environment or because it affected in some way their 
food-supply. 

The moist (‘linuite suggested by Captain Hutton was certainly post- 
glacial, though it must be remembered when referring to his WTitings on 
the subject that he regarded the older Pliocene as the period of the maxi- 
mum glacier-extension. 

The latest pronouncement on the subject appears to be that of Professor 
von Lendonfeld, given in the volume published by the International Con- 
gress of Geology, 1910. In his article entitled '' Das Quartare Klima yon 
Australien und Neu fSeeland ” he says, “ Die natur dor Gletschorzungen 
(Reisonmoranen, Seitentalor zwischen Gletscher und Talwand) macht dur- 
chaus nicht den Eindruck als ob dieser Riickgang der vergletscherung 
schon zum Stillstand gekommen ware ; sie deuten vielraehr darauf hin. 
dass er gegenwartig noeh iortschnetet, so das ich meineii niochte, dass in 
der Sudinsel von Neu Sceland, ebenso wie in Sudaustralieu, das KUnu gegen- 
wartig warmer und trockener wird.” The evidence on which this conclu- 
sion is based seems somewhat uncertain, bul it is in uU probability a general 
statement which would be quite true under any eircumslancos. 

The purely geological evid<nice of the (*hange in cliinaie since glacial 
times rests firstly on observations of the behaviour oi glaciers, as indicated 
by Von Lendenfold; but this evidence is quite incon(*liisive, as they have 
been observed tor a period too short to furnish data on which to base any 
well-founded conclusion. Tli<n‘e is evidiuicc of a fairly rapid retreat of the 
glaciers on the eastern side of the Alps; but the cause of this is unknown, 
although it is probably dependent on climatic chang(»s. On the West Coast 
the Franz Josef 61a(*i<w is now rapidly advancing,* while the Fox Glacier, 
a near neighbour with very similar surroundings, was, when visited by the 
author three years ago, showing unmistakable signs of retreat. The Mueller 
Glacier, too, on the eastern side of the range, is showing signs of advance 
{mde Lands Report, 1906). It is possible that these advances depend on 
climatic conditions of a previous time which make themselves evident at 
the terminal face of glaciers of different lengths and velocities at different 

* A recent map of this glacier, made under the direction of Dr. J. Mackintosh Bell, 
shows that the advance occurs principally on the northern side of the glaoier, while the 
southern sido is either stationary or actually retreating. 
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pwiodb. Only after long-contiimcd observations \\dll it be possible to isolate 
the various anomalies and refer each to its exact cause. This lino of inquiry, 
therefore, gives at present little satisfactory result except in so far that a 
recent rapid retreat must bo granted, but wliether this retreat is periodic 
or not is quite uncertain. 

There is geological evidence of a dry climate obtaining over the region 
in question either contemporaneously with the (‘xtonsion of the glaci(n*s, 
or somewhat subsequ(‘nt to it, in the tact that the loess whicli so completely 
mantles the country was a rock-flour canded by wind from the liver- beds 
of glacial rivers. This is the general opinion of its origin, although Captain 
Hutton maintained that this same deposit was a marine silt. It probably 
indicates that the conditions over the east coast of this Island resembled 
somewhat those which occur in Thibet at the present time, only tlicy 
are not so pronounced. A reference to this probable steppe climate will 
be made later when mentioning the xerophylly of certain Now Zealand 
plants. 

Further conclusions may be based on the examination of the tcnraces 
Avhicb characterize the valleys of iioarl}’' all the rivers of New Zealand. 
Hutton attributed these almost entirely to a recent nsc of the land giving 
all the rivers increased power of conra&ion. In a paper on The Ten*ace- 
development in the Valleys of the Canterbmy Rivers ’’ (Trans. N.Z. Inst., 
vol. 40, 1907) I have given my reason for thinking that, as far as Canterbury 
is concerned, the major movements have been downwards since glacier 
times, and that luiless the land has been dificreiitially elevated quite recently 
along an axis almost coincident with the main range, or closely parallel 
with it, mere elevation cannot account for the characteristic features of the 
terraces. In that paper I urged the importance of the falling-off of the 
supply of waste owing to the lowering of the land, thus giving the rivers 
increased power of corrasion, as the principal cause for their occurrence. 
I have since seen reason, based on wider observation, to modify this opinion. 
While admitting the ne(^essity for attaching greater importance to the supply 
of waste, and recognizing its great influence in the case of the large rivers 
of Canterbury, there are numerous terraces which cannot be attributed 
to that cause. Observations made recently on the small fans of detritus 
ill the dumping-grounds of mining claims confirm my opinion that they 
are built up chiefly when the supply of water and its accompanying load 
of waste is plentiful, but that, when the supply of water is dinunished, ter- 
racing of the fan immediately results. The profile of these terraces repro- 
duces exactly those wliich occur on our large shingle-fans, and also those 
formed by the rivers which cross the Canterbiuy Plains. The mferonc(‘ 
seems, therefore, that the material of our river-terraces was brought down 
in a pluvial epoch, and terracing commenced actively when the supply of 
water began to fall off. This course does not affect the principle that supply 
of waste is also an important factor affecting the formation of terraces. 
The condition of many of our Canterbury streams at the present time, when 
deposition is overtaking transportation in the lower portions of their courses, 
is evidence that a maximum of erosion is past and another cycle of deposition 
has commenced. This may be due to the lowering of the land, but it may be 
due to a change in the supply of rain or to alteration in the climatic con- 
ditions. 

These are the chief lines of evidence of purely geological character 
which are connected directly with the question, but there are others of bio- 
logical character which must be considered. The first of these concerns the 
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charatlor of th(‘ l<iud MoUuaca^ and tho othcrfe an‘ luoro or buloiiical, 
and havo to do witli llie poat-boj>s and the forobts which lomerly covorid 
\vid(‘ tracts on the now tro(»](»ss or almost treeless rei>ions of Conta’al Ota^o 
«nid Oanterlmry. 

Land Moluts(^\. 

1 am indebted to Mr. H. 8iiter ior the folh.wing remarks on the land 
MoUu8ca of the area. He H<iys that they are eeridinly of a moist -climate 
lype, that the indigenous f<iuna is .ilmost eiiliroly confined to tlie busii, 
and when this is destroyed or where there is no shelter from rotten logs 
in moist situations, it disappears entirely. It must, therefore, have esta- 
blished itself ill this province when the climate was wetter. This aroument 
standing by itself is not convincing, as the establishment of this snail fauna 
might date from a time anterior to the glaciation ; but taken vdth other 
evidence it seems to strengthen the general conclusion that the climati* 
was once moist or than it is now. 

EvI 1)EN( E KllOM PeAT-H()(4S. 

The evidence afforded by ihe pe<it-l)ogs ol lliis counlry will, when they 
have bo(ni prop('rly studied, give data from which well-lounded coiadusions 
can be drawn. At pr(‘sent their features are (*omparntively unknown, and 
the statement still finds currency that they do not contain Sphaqnmn 
(J. W, Harshbergei* : “Bogs, their Nature and Origin” — “The Plant 
World,” vol. 12, p. 36, 1909), although it really finds an important place 
among peat-forming plants where the conditions do not allow of good drain- 
age. In some cases where the drainage is bad, and again in other cases 
where it is good, other plants contribute largely to the formation of the 
peat. In these cases their ecological conditions aie not thoroughly under- 
stood at present, but they no doubt depend in some way on (*limate. Bogs 
composed of Sphaqnunu and also those formed otherwise, occur extensively 
in both Oauterbiny and Otago, especially the hitter. In the early days 
of the settlemeiil, peat was regularly cut Iroin the bogs of the central district 
of Otago and used as filing where wood was scarce. Extensive bogs were 
found then on tlie tops of llat-toppod mountains, siK'h as the Rock and 
Pillar and Rough Ridge ; and Dr. Hilgendorl tells me that in the Waipori 
district twenty-five years ago thos(» hogs wTre lull of totara logs, and other 
logs lay exposed on the surface ol th(* ground round the heads of gullies 
in such a way tJiat their disfribution could only be explained by supposing 
them to have betm once bog-timlier, wliitii had been left stranded as the 
bogs shrank. These bogs mimtioned by Dr. Hilgendorf were in all pro- 
bability not composed ol Hplmpium, but there an* otheu’s which do contain 
wood and undoubtedly o\v(‘ tlieir origin to that moss. Dr. Hilgondorl’s 
statement that the bogs aie shrinking in size is a very important one, and 
if it could be absolutely substantiated it would prove that the climate has 
undoubtedly changed; but the effect of running stock over bog land tends 
to consolidate it, and his statement, unless supported by other evidence, 
would have to be taken with great care, seeing that sheep and cattle have 
been pastured on these lands. I certainly think that such evidence exists. 
It must be observed in this connection that the existence of Sphaymhi 
bogs in the dry region of Central Otago, wdth an average yearly rain- 
fall of about 14 in., and willi periods when it has Mien as W ds 7 hi- 
per amium, is very striking, since it has been proved that the growth 
of Sphagnum d<*p(*nds chiefly on the water that it receives from the 
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atmospLerc, diid not on ground-water. With rcderciice to this, E. Warming 
says (''Ecology of Plants, p. 201: Oxford, 1909), “It is orroiioous to 
suppose th<it Sphaipiuni sucks up water irom the soil ; it raises water ftn* 
an inconsid<n*able distance. The movem(*nt of water in a Spliaqiinni moor 
is Obseutially d descending one.” 

The conditions of Central Otago at the present are not favoumble to 
the growth of peat, and those hogs which I have examined do not show any 
distinct signs of renewal after l>eing dug out for fuel, as they should do it 
the conditions were favourable for its growth. This seems to bear out th(^ 
statement that the climate is becoming drier. More careful work will, 
however, have to be done before this can he defimtely established. 

Some of the bogs contain abundant remains of the roots and stems of 
Daoydiwn B'ldiciUn (?). Although no positive evidence could be ob- 
tained that this shrub or low tree grew on the bogs, it is nevertheless 
extremely probable that this was the casi‘, since ui many parts of the alpine 
region of the Southern Alps it is a typical bog-plant, although it will grow 
also in somewhat dry places. The roots are common in the peat which 
covers the roches inoutonnee^^ of the Upper Waimakariri Valley and other 
places along the eastern flanks of the range, and it occurs in well-dcflned 
layers in the peat -bogs on tlie line of the Midland Railway near Sloven’s 
Creek, between Broken River and the Cass. These latter may have been 
swept in by floods when the climate was more rainy than at present, or 
they may have grown in position on the bog. The presence of well-defined 
layers of trees and stumps probably points to recuxrcuit periods when the 
climatic conditions favoured its growth either on the l)og or on neighouring 
land-surfaces. At the present time in some of the bogs a keen struggle 
for existence is going on between the Sphagnum and the pine. It is likely 
that in drier conditions the latter would have the advantage, and temporarily 
extinguish the bog, as has been assumed to be the case with the pines in 
the old peat-hogs of Scandinavia and Shetland ; hut this conclusion is open 
to serious criticism. Whatever the causes controlling the relative growth 
of these two elements, the presence of the layers of wood and peat points 
to recurrent conditions, or, rather, to probable alternations of moister and 
drier climate, as a very slight (hange in one direction or the other may be a 
determining factor in the struggle for existence between the Dacrydium 
and the Spha(pium and other peat-forming plants. 

The Presence of Former Forests. 

Before the arrival of Europeans, and partially contemporaneous with 
the early settlement, extensive forests containing trees which flourish in 
moist situations extended over wide areas to the east of the Southern Alps 
and over Central Otago which are now almost if not entirely treeless. The 
existence of this forest is undoubted, and its disappearance is usually put 
down to fires before the arrival of Europeans or in the very early days of 
the settlement, an explanation which is extremely questionable and not 
supported by undoubted evidence. The Rev. J. W. Stack, an authority 
on the Maori history of this part of New Zealand, includes the tradition of 
the destruction of these forests by fire among those on which httlo reliance 
can be placed, though he remarks that there is no impossibility that they 
were so destroyed. 

The evidence for the existence of this forest is largely based on the 
observations of the early pioneers and other observers who followed 
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iiiimediatoly on them. Tlicso men noticed largo logs of totara {Podocarfus 
totara) among the grass and in slips and swamps over 'STrv wide areas in 
(^intcrbury. The logs were frequently chaired, and il was immediately 
assumed that the former forests were entindy desiroyed by fire. The whole 
(|uestion is greatly complicated by the destruction ot Ihe evidence by the 
fixes lit by settlerb in the early days to clear the (*oiintry from the rank 
growth of tussock-grass, so that now there is little proof of absolute value 
still remaining except in the records and recollection of these settlors. In 
those cases where I have had to rely on the evidence ol such observers I 
have given their names, and F take the oppoil unity to thank them for much 
information of value on the point. 

Large totara logs lay plentifully on the foothills along the eastern base 
of the mountain region of Canterbury. They were found in quantity on 
the hills around Cheviot at a height of about 1,700 ft. (C. J. Westland) ; 
on all the country between the Huruniii and Ihe Waipara Rivers, and on 
the Mocraki Downs, above a height of 800 Jt. (P. J. Overton) ; on Teviot- 
dale, near the co<iat-Une ; at Amberley (James Hay) ; on the Malvern Hills, 
as mentioned by Lady Barker in Station Life in New Zealand.” On 
the arrival of Eiurope<uis the present Oxford Forest extended down the Eyre 
River till it invirly jiinetioned with the biisli then existing near Raiigiora ; 
this is proved by the logs formerly lying on tliat part of the plains. 
Extensive tracts wi‘re (jovered with bush on the downs behind Timaru (J. 
Harden stle), for large logs of totara arc even at the present time found in 
the small creeks of that now treeless country. 

The same is true of other parts of the province near the mountain axis 
of the Island, as, for example, the Mackenzie country, and the valley of 
the Cameron River in the basin of the Upper Rakaia. On Banks Peninsula, 
too, there is evidence for a lormor greater extent of forest. The top and 
exposed northern slope of Mount Herbert, on the southern side of L 3 rtt el- 
ton Harbour, were bare of trees on the arrival of tlio earliest settlers, 
although the gullies held patches of bush; and the country was probably in 
the same condition when Cook saw it from the ocean half a century before. 
However, numerous logs of totara arc even now found on the very summit 
of the mountain. 

According to my own observations on Banks Peninsula, the points of 
many of the spurs dividing the bays were absolui.ely treeless and covered 
with tussock-grass for a (*ousiderable distance from their terminations. 
This was especially the ease on those spurs running north-east near Little 
Akaloa and Pigeon Bay. It might be urged that salt-laden winds from the 
sea had killed off the trees in tlu‘S(‘ exposed x)osition5 were it not that certain 
spurs equally exposed were wooded right up to the very edge of the cliffs. 
According to observers of absolute reliability, in breaking up the open land 
on such a spur for sowing down in English grasses, buried totara logs of 
fair size were frequently found far from the edge of virgin bush. 

I cannot got any satisfactory evidence that logs lay on the surface of 
the Canterbury Plains south of the Waimakariri, but large trees of totara 
have been found buried from 6 ft. to 10 ft. deep in the shingle-beds near 
Christchurch — as, for instance, at the city waterworks, near the foot of the 
Port Hills. These were undoubtedly of drift-wood, but the trees were in 
some cases over 2 ft. in diameter, were perfectly sound, and were used for 
posts in the fences round the buildings. The trees must have been brought 
down from some forests that grew either on the plains or further away in 
the mountains, probably by the Waimakariri River in one ol its excursions 
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away from its probi^it b(‘cl acroSH tho plaiiib, ab only a vtny lai^o rivcM* would 
be compideiil to move biicli enoniioub logs. TJio iormor extension of the 
bush on the plains is prov(4 1)V the oecurreiue of vast qiianiities of fallen 
timber and numerous stumps in position throughout the bell oi eoiiutry 
btrctching Iroin just nortli ol Amherley, Ihrough WoodiMul at the norlli <4 
the present Waimakariri, aud through Marshland on to (lirislehureh. Th(‘ 
present writer has examined siieli a forest with trees /a when the e\<*ava- 
tioiis were being made lor extensions at tlie Christ eh iireh llospiial. Tins 
iorest bolt extended south through Tai Tapu, round Lake Ellesmere, towards 
the mouth of the Rakaia, and again on towards Timaru, sniee extensive 
deposits of swamp-timber are found near Longbeach, between Ashburton 
aud the sea, and again from the mouth of the Oran River to tlie termination 
ot the downs just north of Timani. 

On several parts of the coast-line the roots ot trei^s are found in position 
either submerged below the level of lakes or writhin the limits of the tide. 
Such occur in Lake Ellesmere (J. Rennie), at the mouth oi th(‘ Opihi (J. 
Hacdeastle), near Washdyke, and again near Pareora (W. Wilson). These 
show distinctly that tli(‘ coast-line has been sinking recimtly. a movement 
ill all probability onlv a phase of the great sinking movement of tlie land 
which, with minor teniporar}^ rises, set in during Quaternary tinu'S. 

This coastal forest was largely oi swamp origin, and it was composed 
chiehy of white-puics or kahihatea {Po(focarpiis (iacnjthoides)^ and manuka 
(Leptospemum scopanion), the former a tret^ which makes a pure associa- 
tion principally on sw^amps, and the latter a very xerophytic type, but. 
found freely on all classes of soils and in many situations. Rennaius of 
black-pine (Podocarpm spicatus) and ribbon wood (probably Phqlanthm 
betuUnus) are also found. On the arrival of Europeans relies of this 
forest existed in a few localities on the plains — ^for example, at Riccartou, 
Papanui, Woodeiid, Rangiora, and at Temuka. These were mostly of 
white-pine, black-pine, pokaka (Elaeocarpus Hookeriams), and totara as 
the timber-trees, in that order of impoi^tance, but with little of the last- 
named. The presence of this swamp-forest was largely determined by the 
presence of moisture in the form of ground-water, but its disappearance* 
from certain areas may be due to the fact that they had become so swampy 
that even trees like wliite-pine could not maintain tliemselvos in the presciici* 
of so much wMter, this tree being really an oxylophAdc* — that is a xerophytic 
form which has adapted itself to moist conditions. It is possible, linn*. - 
[ore, that the disappearance of this forest may be jiartly clue to altered 
climate, although the w'aterlogging of the soil may be also put dow'ii to tin* 
sinking of the land which has taken place in fairly rec(*n1 times. 

Apart from this coastal forest there w^re at th(‘ beginning ot seltlement 
considerable areas of standing bush, containing totara, black-pine, and white- 
pine, at Mount Peel, (.Toraldine, Waimate, and specially on Banks Peninsula, 
as well as in a few other lo<*alilies in hilly places favoured by a good rain- 
fall and a rich soil. At Mount Peel a considerable area still remains. 
These wei*e in all probability remnants of a regional forest containing 
totara which covered extensive areas on the eastern slopes of the main 
range of the South Island. Excepting that which remains at Mount Peed, 
its most extensive remnant occurs now in the valley of the Upper Rakaia, 
Here for miles on the northern bank of the river the slopes of the momi- 
tains are covered with a thick forest composed largely of this tree. It 
occurs also in patches on the southern bank. In this locality the wet 
westerly winds reach well across the main divide, and the mountains to the 
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soutli of the rivor bhelter tlu‘ upper part of the valley froui tlie c*old souther- 
lies, so tliat the climatic conditions are eminently favourable for the orowth 
of this tree. Its foiTncr extension in the vicinity is proved by the lof>s 
which occur now on the south-eastern hanks of Mount Arrowsniith, in the 
valley of the Cameron Eivei* (L. Wood and the author), a district which 
is now marked by the presence of a xerophytit vegetation. 

The extension of this forest into Central Otago was noted by th<^ earliest 
explorers and settlers, for a noteworthy feature ol the land-surface in its 
original condition was the occurrence of enormous numbers of logs ol totara 
lying on the hillsides and flat -topped mountains, as well as buried in the 
slips and bogs of that now treedess and steppe-hke region. 

In his sketch of the Botany ol Otago ” (Trans. N.Z. Institute, vol. ], 
1869) Buchanan says, “ The general facies of th(‘ vegetation of the province 
on its eastern watershed is grassy, the greater part being open grass land 
with comparativedy small areas of bush along the coast -line and in the gullies 
ol the mountain -ranges, whereas on the western watershed the whole country 
from the sea to the altitude^ of 3,000 ft. on thi^ mountains is covered with 
bush. It IS evident that at no distant time the greater part of the province 
was covered with forest. On many of the grassy ridges may still be seen 
the remains of large trees, and ovc^r large areas the surface is dotted with 
little hillocks and corresponding hollows produced from the upturned roots 
of trees which have b(‘en blown over, generally in the line of the prevailing 
winds, after their destimction by fire, and no doubt there have been many 
denudations and reproductions ol hush. At the beginning of the settle- 
ment largo tracts of the province were being recdothed with bush, but as the 
country was opened for cattle and sheep runs this new growth was again 
burnt off, and a luxuriant growth of native grasses appeared without seeds 
being sown.” This account was written in the year 1865, and is specially 
important as showing that a competent observer at that early date was of 
the opinion that a succession of forests had covered the treeless lulls of 
Otago. 

The existence of vast numbers of totara logs in Central Otago is testi- 
fied to by many other observers, all of whom have aekiiowdedged tliat the 
prostrate trees indicate the presence of a forest of wide extent. The latest 
reference to this appeal's to be that by Professor Park, in Bulletin No. 5 (n.s.), 
New Zealand Geological Survey, The author there says, Forest vegeta- 
tion is entirely absent, but iliere is evidenc(» that it was not always so. 
Above the 2,000 ft. coutour-liiie of Mount Malcolm and Mount Hocken there 
are still many logs of totara (Podocarpus toiam), (banred and well preserved, 
Ipng on the surface of the ground. The older settlers state that totara logs 
were at one time common on the Duiistau, Pisa, Garrick, and Eemarkable 
Mountains, and proved of great value to the early pioneers for fuel and 
fencing purposes. The totara forests apparently flourished above the 
flood-level of the Pleistocene rivers that fiUed the old lake-basins. They 
wore probably destroyed by fire.” 

The occurrence of the totara in the peat-bogs of Otago is referred to 
earlier in this paper. 

Although the evidence for the wide extent of this forest is conclusive, 
it cannot be maintained that it covered the face of the country as completely 
as do the forests on the western slopes of the Alps. All the same, it may 
have done so. The usual sequence of events in the changes which forest 
experiences in this region is that when destroyed by fire, wind, or any natural 
cause it turns into tussock steppe. The transition is at times very rapid, 
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so that it is vory probable that a large part of lh(^ tiib&ock coiiutrv of this 
Island was once bus]i-covor(4. However, some areas mnst always have 
boon in existenei* on which thor(‘ was no bush, v^hore the tiisbock was esta- 
blished, and from which it could spread to iieiglibouring tra(*ts when the 
ecological c*onditions were favourable for it doing so. 

Continual reieroms' has been made previously to the occurroiuc* ol lotara 
logs, and the inference will probably be made that the forests were largely, 
i£ not wholly, of totara. In all probability such was not the eab(». At the 
present time few areas are covered completely by this Iree. Il occurs 
widely distributed through many kinds of bush, hut it also occurs at times 
ill groves several dcres in extent. It was in all probability only a con- 
stituent of the former forest, and its predominance among the timber 
lying on the ground is due to its xmcommon power of resisting decay. It 
is one of the most long-lived of timbers when in damp situations. Other 
specially resistant timbers, such as broadleaf {Grkelinia Uttoralis), are also 
found, so that in all probability the woods which grew with it have long 
since rotted away. It must he noted in this connection that I am not re- 
ferring here to bog-grown timber, snch as the manuka, which is so common 
ill so many swamps. 

Since totara was undoubtedly a prominent constituent of this forest, 
the conditions under which it grows have a very important bearing on the 
question of the climate which obtained in the area when the forest esta- 
blished itself. Althongh it is not a ram-forest tree in the same sense as the 
rimii {Dacnfdium cuprssoides). and although it is perhaps the most xero- 
phytic of all the New Zcalaud conifers (vide paper by Miss Griffin, 
The Development of some New Zealand Conifer Leaves,” Trans. N.Z. 
Inst., vol. 40, 1908), it is nevertheless a tree which flourishes under con- 
ditions of good drainage with a damp atmosphere, and specially on deep 
rich soils — ^it is, in fact, a prominent member of tbe New Zealand rain 
forest. It will grow on light pumice and sandy soils if they have plenty of 
rain, as well as on heavy clays, and even at times on swamps; hut the 
existent patches of bush containing this tree in quantity, and also those 
which furnished a large part of the totara for timber purposes in former 
times, were in localities with a good, if not a heavy, rainfall. The totara 
areas ” of the North Island, according to the report made in 1875 by Major 
Forrestier Walk(‘T, were those tracts along the central mountain axis of the 
Island and near Lake Taupo which had a rainfall of 40 in. a y(*ar and upw<ird. 
To take, for example, the lotara forest on the iioithern slopes ol Tongariro 
and tiio Waimariiio Forest, which contains in parts a large quantity of 
that timber : tluy are both situated in a part of the central plateau which 
receives a heavy rainfall from the west, while the dry eastern slopes ol the 
Ruapehu-Tongariro ridge are either treeless or dotted v^th patches of 
Notliofagus cUffortioides, and the charred fragments of wood in the pumice- 
drifts which cover that region seem to be from that tree and not from 
totara. 

The distribution of totara is the South Island, occurring as it does in 
such localities as Banks Peninsula, Peel Forest, at Glenomaru in the Catlin’s 
district, as well as near the east coast about Dunedin, shows that this 
tree' delights in a well-drained soil, ivith plentiful supply of rain. It also 
occurs on the excessively moist hiUs and swamps of Westland, but in the 
latter it does not thrive. The forest now existing at the head of the Rakaia 
is merely an extension of the subalpine totara forest of Westland which has 
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followed tlie rain across the main divide, and tho fact that this tree out of 
all the rain-forest trees of Westland has done so is really very striking. 

Judging from the rainfall records kept at the Bealey, where the usual 
amount for the year averages about 100 in., and has reached as much as 
136 in., the rainfall of the Upper Rakaia Valley, which is exactly similarly 
placed as regards the main range and the direction of the rain-hearing winds, 
must certainly approach, if it does not exceed, 100 in. per annum. The 
climate is decidedly moist and the drainage is good, and under these favour- 
able conditions the totara occurs so plentifully in parts of the district tliat 
it virtually excludes other forest-trees. 

Tlieso facts seem at variance witli the xerophy tic-adaptation structure 
exhibited in the leaves of the tree ; but this is one of tho many cases which 
have been pointed out by Dr. Cockayne where there is a marked discrepaii(*y 
between the actual stinicture and the structure, one would expect the plants 
to show judging from their habitat alone. In Ins “ Notes on tiie Subalpmo 
hJcrul) of Mount Fyffe ” (Trans. N.Z. Inst., vol. 38, p. 373, 1906) he says, 
" Tlie amount of xerophylly in many New Zealand plants is by no means 
a measure of their adaptation to present environment, but is more likely 
a survival from a former geological period when xerophytic conditions 
were more widespread.” This opinion is a very important one from a 
geological as well as from a botanical point of view, and it agrees with that 
of Dr. L. Diels, quoted in Dr. Cockayne’s Plant Geography of the Wai- 
makariri” (Trans. N.Z. Inst., vol. 32, p. 122, 1900). Dr. Cockayne’s state- 
ment about the xerophylly of New Zealand plants probably applies to the 
totara, though it is no doubt possible that the advantage of possessing 
a moderately xerophytic structure would aid it in its struggle with other 
plants under increasingly dry conditions, and therefore may explain its 
importance as a forest-tree in the forests which grew formerly over tlie 
somewhat arid regions on the east coast of this Island. 

Tho date of this former forest-extension is fixed as being cortainly post- 
glacial, since the remains are commonly fomid in localities which must 
have been covered with ice, according to the most conservative opinions as 
to the extent of our former glaciers ; and it must certainly have been pos- 
l<'rior to the great gla(*iation postulated by Professor Park, as the region 
whore those logs now occur in Central Otago was, according to him, covered 
with a groat ice-sheet. It is possilde, however, that, as the glaciers retreated 
from their furthest extension, tho forest established itself pari passu on 
the areas left fro<‘ by the ice, just as they are now doing in the case of tho 
Franz Josef Glacier. Tho space of time taken for the gradual extension 
ol sucli a forest over regions swept bare of soil by the glaciers must have 
been (‘noi'mous, and if there has been a succession of forests, as suggested 
by som(* observers, then the time must have been very great indeed. 

Th(* question of the extent of these forests and the conditions under which 
the totara grows have been gone into somewhat at length because, in my 
opinion, it is possible to make the deduction that when the forests esta- 
blished themselves the conditions must have been much difierent from 
those obtaining now. It has been just stated that the forests have ex- 
tended over areas which in Pleistocene times were covered with ice, and 
were probably dry and steppe-like. Before they could do this the climate 
must have changed, as tho New Zealand rain forest requires a moist climate 
for its gi-owth. This conelusiou seems to agree with those deduced from 
other observations. I must explain, however, that this conclusion is merely 
14— Tranfi, 
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tentativo, and iH based on observations of the ecological habits of the totara 
which are decidt*dly incomplete. 

Reasons for the Disapheakanoe ok the Forests. 

Although the main point to consider in this paper is the qm^stion of th(‘ 
i^stablislmiont of the forests on an ice-swept coiuitiy, yet their disappearanc(‘ 
h<iB also an important bearing on the question. In several parts of the 
country it lias been noticed that the hush is shrinking even when prot(>ct<‘d 
from the interference of man and animals. Far larger areas in the North 
Island were once covered with kauri forest than those which existed in the 
memory of man, as is proved by the extensive deposits of subfossil kauri- 
gum far away from growing timber. This is quite apart from the gradual 
restriction of the kauri forest which has gone on in Tertiary times from 
its former wide range, proved by the occurrence of fossil kanri-leaves in 
various Tertiary deposits in Otago. The destruction of the forests con- 
tainmg totara, which once existed in Canterbury and Otago, has usually 
been put down to the fires lit either accidentally or intentionally by the 
Maoris, a conclusion largely based on the fact that many charred logs w<Te 
found by the earliest settlers. There is a Maori tradition, mentioned pre- 
viously, of the d(‘&tructiou of these forests by extensive fires at one period 
of Maori history ; but the evidence from Maori tradition is almost valueless, 
and there are indications from Canterbury which certainly point in a con- 
trary direction. Banks Peninsula was thickly peopled by Natives at the 
time of the arrival of the first settlers and it showed no signs of the ravages 
by fire (S. C. Fan*). If fires had been lighted by the Maoris this is just the 
place where they should have occurred, yet the hillsides, with the exception 
of the highest points and some of the headlands, were completely clothed 
with bush right up to the very settlements of the Natives. The bareness of 
the headlands seems to have been due to other causes, since from their re- 
lative inaccessibility they were not likely to have been swept by fire. These 
open spaces were probably duo to that natural succession of events which 
turns forest into grass land, but the factor controlling this change does not 
seem to be well understood, and it may be a function of the change 
in climate. At the same time, it must be admitted that continuous and 
repeated fires in dry seasons, fed with accumulations of dry tussock-grass, 
would restrict materially the areas covered with bush, and without doubt 
those fires occurred. 

It seems impossible, however, that tire could have destroyed a forest 
of wide extent and left no patches in sheltered gullies and other places which 
would have formed centres for its renewal had cUmatic and other conditions 
hem favoyrahle. If the climate is favourable for the renewal of the rain 
forest it is difficult to destroy it by burning, even when this is carried on 
for the express purpose of clearing the land for pastoral purposes. In the 
case under consideration, the (barring of the logs mentioned previously 
has been caused largely by tussock-fires since the arrival of the white man, 
although the Maoris certainly carried on a sporadic burning in pre-European 
times. It is a remarkable fact, however, that the existing patches of bush 
occur i ijust those situations in which they might be expected to occur 
fi’om ecological considerations had a slight desiccation of the climate com<' 
about. The bush has disappeared from situations where from exposure 
to wind, lack of moisture, &c., they would naturally feel first the effects 
of slightly drier atmosphere. The change required to produce this disap- 
pearance is no doubt very slight, as little is required to upset the delicate 
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])al<iiR*e whicli exists between the stini^gliiig elements of different pJanl 
associations. It seems, therefore, that a slight desiccation of the cliniate 
can be infeired fi*om the restriction of tliis forest. The disappearance had 
in all probability begun before the arrival of the Maori, following on a period 
of drier cliTnati‘ after a moist period which favoured its growth. The 
forests would then be specially subject to the action of fire, except in those 
places favoured by moist conditions. Fire certainly aided in tludr destnic- 
t'on, but it is im])robable that it was wholly responsible for it. 

The present conditions are decidedly dry over a large tract oi country to 
the east of the main range ; how'ever, this is due not altogether to lack of 
vain, but to the iiifluonce of parching winds. Under th(^ cembined influence 
of these two agents the vegetation is now markedly xerophytic. but when the 
plants arc grown in a moist and still atmosphere they readily revert to leafy 
forms, as has been proved by the (‘xperiments of Dr. Cockayne on the wilcl- 
irishmaii (Discaria toumatou) (“The Ncav Phytologist,’' vol. 4, p. 79, 1905). 
J)r. Cockayne has suggested to m<‘ that this readiness to revert to the leafy 
• oiTii may be due to the (act that at some period antcrid* to the present 
somewhat dry one th<‘ prevailing climatic conditions were moist, and that 
owing to the enviroinm nt tlie tendency to become more or less permanently 
xo3*opli}i:i(* was checked, and the ability to respond (juickly to a Tnoist 
atmosphere has been kept latent up to the present time.- 

1 am aware that this evidence is not convincing, and that it is merely 
sufii(*ient to establish a prima facie case for consideration. If, however, 
the conclusion that a rainy climate succeeded the last glacier maximum 
over a wide area to the cast and south-east of the Southern Alps be 
accept (‘d, the reasons for such a change may be briefly consid<*Ted. 

This moist climate may be attributed to one of two main causes — (1) a 
marked lowering of the land in post-glacial times, with a general climate 
much tlio same as that which obtains now' ; or (2) a change in the climate 
affecting a wide area, or oven the earth as a whole. 

C^vusis OF TiiK Change. 

A marked lowering of tin* land in this region of moisture-laden westerly 
\Annds would hav<‘ tlu‘ i*fEect of making the climate uniformly humid over 
the whole of the country, instead of being, as now, subject to an abnormally 
heavy' rainfall on the west of the range, while the (‘ast is comparatively dry. 
With lower mountains the total amount of rain intercepted would in all pro- 
bability 1)(‘ much less than that which W'ould he iiiterc(‘pted if the moun- 
tains w^tM-e iiigher, but it would be more uniformly distributed. The 
humidity of the climate depimds as mucli on the number of rainy days 
as on tlu» number of iiiches that fall during the course of the year- -for 
example, tlie cliniate of the Chatham Island is markedly humid with a 
comparatively small annual rainfall.* However, before lowering of the 
land could produce a humid climate in the Mackenzie country or in 
Central Otago the land would have to be lowered by hundreds, perhaps 
thousands, of feet below its present level, in order to allow the extension of 
the moisture-bearing clouds over the ranges near the coast, so that the 
interior of the country might receive a share of their moisture ; and there 
is no oviden<*,e of such a lowering since glacial times. Even if the old 
beaches found in various parts of the south of this Island were post- 
glacial — which is open to doubt — the amount of sinking that they 
indi(*ate is totally insiifheieiit to have produced a moist climate over that 
part of the country wliich lies along the east of the range. It seems 
14 * 
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reasonable, therefore, to attribute the humid climate either to causes whicli 
have afEccted the eai*th as a whole or to altered meteorological conditions 
promoted by some change in the distribution of land and water in llie 
Southern Hemisphere. 

Conclusion. 

The general sequence of events since the glaciation of tin' South Island 
in Pleistocene and post-Ploistocene times appears to have been the lol- 
lowing ; — 

(1.) Glacial conditions, with probable steppe climate existing contem- 
poraneously on the land to the east of the terminations of the glaciers, a 
condition which probably continued for some time, as the glaciers were 
retreating. 

(2.) Moist climate over the tract to the east of the main range, during 
which the forests were established or were widely spread and ihc rivers 
built up their fans. 

(3.) Modified steppe conditions over the belt to the east ol main range. 

The conclusions are, in general, similar to those which have been agreed 
upon by Europeau geologists as occurring in Europe, although an important 
school has demanded the existence of a succession ot warmer and milder 
conditions. Of course, it is impossible at present to make any inference 
as to such a succession of milder and more severe climates in New Zealand, 
or even to infer that the changes in climate suggested by the various lines 
of evidence indicated above wore contemporaneous. Some of the changes 
suggested may bo due to causes which operated in Tertiary times. How- 
ever, in view of the general interest in the matter, the author hopes, in 
spite of obvious deficiencies in the statement of the case, that this paper may 
serve to draw attention to a problem which has an important bearing on 
the climate of the world as a whole, and also on the evolution of the vege- 
tation and the plant-associations which exist at present in this country. 


Art. XL, — A Preliminary Acemnt of the Geoloffical Features of the Chr^^t- 

church Artesian Area, 

By R. Speight, M.A., M.Sc., F.G.S. 

[Jtead before the Philosophical Institute of Vanterbuty, 7th JJccenihd^ 1910.] 

Platts IX-XIV. 

[Note. — ^This paper embodies the results available at present of an examination oi 
the beds of the Christchurch artesian area. Although they are necessarily imperfect, 
it has been thought advisable by the author to submit them in this form, as they ar(» 
complete in some respects ; in others, they are quite imperfect, and observations ex- 
tenmng over several years will have to bo made before any finality in the conclusions 
can be reached.] 

Introductory. 

The part of Canterbury stretching along the coast-line from the mouth 
of the Waimakariri to the west of Banks Peninsula as far as the mouth of 
the Bakaia is perhaps the most extensive area in New Zealand whore plentiful 
applies of water can be obtained from artesian wells. The interest which 
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attaches to this tract of country is not one oi economical character alone, 
since an accurate examination of it may throw some light on the structure 
of the Canterbury Plains, and indirectly on questions of more theoretical 
interest, such as the cause of the Pleistocene glaciation of this coui^try, 
which has lately attracted so much attention. The amount of evidence to 
be considered is very great, as no part of the earth’s crust in New Zealand 
has been more thoroughly explored than this area. The number of wells 
already sunk extends to thousands, and of late years all weU-sinkers in 
the transaction of their calling, in order to be able to give accurate estimates 
of the cost of sinking in various locahties, have kept detailed records ol 
the*weUs they have sunk, and made careful note of the depth of water-' 
bearing beds, the amount of water obtained at certain levels, the nature 
of the strata encountered, and the thickness of the beds. 

The records of various weU-sinkers have been placed at the disposal oi 
the present author, and every assistance in the way of information has been 
given when it has been asked for. The wiiter wishes especially to thank 
Messrs. J. Osborne and J. VV. Horne for assistance in this respect. It has 
thus been possible to examine the records of more than five hundred wells, 
so that an accurate conspcciiis can be obtained of the whole water-bearing 
area. 


General Stri/c^ture of the Canterbury Plains. 

The detrital deposits of tlic Canterbury Plains have been laid down on 
a basement j*ock of uncertain character, but there is evidence which 
suggests that the same formations as occur in the western part of Canter- 
bury are continued beneath the plains to the eastward, and extend undei 
the sea towards the Chatham Islands. The greywackes and slates of the 
8outhem Alps outcrop again near Gcbbic’s Pass, on Banks Peninsula ; and 
the Chatham Islands are formed of schists analogous to those of Westland, 
overlaid by Tertiary limestone and volcanic rods, the former of which can 
be correlated with limestone of Miocene or Oligoceno date in the main 
islands of New Zealand. 

The only evidence of the structure beneath the sea which stretches 
fi'om the Chathams to Bunks Peninsula is that afforded by the collections 
of the steam-trawler Nora Niven ” when carrying on an experimental 
cruise on behalf of the New Zcwiland Government. As recorded in a note 
to a previous paper by the present author, the trawl brought up from 
a number of stations parallel with the coast-line, and in depths of between 
20 and 4:0 fathoms, pieces of brown coal sometimes as large as an ordinary 
traveUing-ferunk. It is hardly (Tedihle that these could have dropped from 
passing steamers, seeing that brown coal is rarely if ever earned by sea, and 
it is impossible that they could have been brought down by rivers from the 
coal-seams that occasionally outcrop on their banks, since such pieces would 
be rapidly reduced to powder and become indistinguishable among the other 
detrital material. It must be concluded, therefore, that the coal has been 
derived from an outcrop on the edge of a submarine escarpment which 
runs parallel to the coast and with its beds probably dipping west. These 
may continue westward, and, passing imder the plains, junction with the 
coal-measures which fringe the eastern flank of the mountainous district 
of Canterbury. The beds would then take the form of a syncHne, slightly 
tilted towards the east, with its eastern wing depressed beneath sea- 
level. Further, they may form part of a great ge-syncline or synclinorium 
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♦extending over the whole area from the Alps to the Chatham Islands, with 
schists outcropping on its eastern and western visible limits. 

The uncertainty of the soundings between Banks Penijisula and the 
Chajrhams renders it impossible to speak definitely of the form of the sea- 
bottom in that region, but it appears from the few that have been obtained 
that the sea gradually deepens for about forty miles, to the 100-fathoi!i 
line, and then suddenly drops to over 1,000 fathoms, a depth whicli is main- 
tained to the vicinity of the Chathams. WTiether this is part of a submarine 
plain or a portion of a fold valley which runs in a north-easterly and south- 
westerly direction parallel to the coast of the North Island is at present 
uncertain, and it is hoped that the efforts being made in WeUingtoii to get 
a line of soundings run from L\i:telton to the Chathams may be successful, 
as it will throw considerable light on the evolution of the main crustal 
features in this region. 

That a synclme exists involving the Chretaceoiis coal-measures, and 
probably the overlying limestones, seems to be very reasonable, but the 
cause of its form is uncertain. It may be due to deep-seated movements 
of the earth’s crust, of which we can say little at present, or it may be 
due to loading caused by the immense quantities of detritus poured into 
the sea by the great Canterbury rivers. The presence of a lino of earth- 
quake origins parallel to the coast-line of the plains suggests crustal 
movements along a line in the neighbourhood of the probable submarine 
coal-outcrops. 

AND Character of the Material out of which the Plains 

ARE CONSTRUCTED. 

The detritai matter out of which the plains are constructed consists 
chieflly of shingle with an admixture of sand and silt, the whole being formed 
from the weathering and disintegration of the greywackes out of which the 
areat mass of the Canterbury mountains is formed. In the higher parts 
of the plains, near the base of the mountains, there is a considerable mixture 
of angular matter and large subangular blocks, but in the lower parts of the 
plains the gravel becomes much smaller. The fragments are usually from 
2 ill. to 4 in. in diameter, and rarely exceed Sin. ; they are well rounded, 
and seldom exhibit the flattened ovoid form produced by the incessant drag 
oC the backwash on a beach subject to heavy seas. It cannot, however, be 
infen-ed with certainty, because the pebbles on the plains are usually of 
such equilateral dimensions that they must have been formed wholly by 
river-action, as the shape of a pebble on the beach is primarily determined 
by the shape of the block from which it has been derived. On examining 
a beach of Umestone pebbles on the north side of Ammi Bluff, I was struck 
by the frequency of the cricket -ball size and shape, and this could only be 
due to the original fragments having been cuboid in form. The angulai 
iragments produced by the disintegrating action of the frost and other 
agencies on the mountains of Canterbury are usually of equilateral dimen- 
sions. However, on examining the beach at Birdling’s Flat, between Lake 
Ellesmere and the sea, it will be noticed that a very large proportion of the 
pebbles exhibit the true shingle form as distinct from gravel. If the plains 
had been formed by marine action they must have been subject on their 
eastern margin to attrition by the same heavy seas that sweep up the present 
Nineiy-mile Beach, and therefore beach-shingle should form a large part 
of their material. As this is not the case, I think it may be inferred that 
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tlie plains liave been built up on a land-surface by the aggrading action 
of the rivers issuing from a mountain tract, where they are plentifully 
supplied with sediment and flowing on a high gradient, and then depositing 
their load at the base of the mountains, where their transporting-power is 
less. Such plains occur under somewhat similar conditions at the base 
of the mountains in central Asia and central United States, where marine 
action cannot be called in to explain their approximately leyel character. 
The present contours of the plains, as shown by the detailed surveys of 
Haast and Doyne, emphasize their fluviatile origin, since they are just those 
which would have been exhibited had the plains been built up by the coal- 
escence of the fans of low gradient formed by the large rivers as they issued 
from the mountains. 

Formation op the Eastern Part oe the Plains. 

There are certain factors which must be allowed for when considering 
the formation of the eastern portion of the plain. The rivers have been 
bringing down for a long period vast quantities of the detritus. On the 
Ninety-mile Beach this is exposed to a strong northerly drift up the coast, 
which sweeps it northward and piles it up against the southern coast of 
Banks Peninsula. When the supply of shingle fails, the sea encroaches on 
the land, as, for instance, near Oamaru, where works are necessary for the 
protection of the town, and the neighbouring coast northward to the Waitaki 
Eiver is being rapidly attacked. This river brings down an enormous 
amount of material, and in consequence the coast immediately north of 
its mouth is advancing in spite of a probably downward movement of the 
land, evidenced by the valleys in the dolerite plateau near Timaru, which 
have the outlets depressed below sea-level, and also by the presence of sub- 
merged forests on the coast near the mouth of the Pareora River. Th e gradua 1 
pusMng-forward of the shore is evident right up to Timaru. The railway- 
line is placed for the greater part of its length on the level beach whicli 
has accumulated at the base of the clifEs, now removed some distance from 
the sea. Some idea of the importance of the drift along shore can be seen 
at Timaru itself, where several acres of land have been reclaimed by this 
agency on the weather side of the breakwater, which has checked th<^ 
northerly movement of shingle at that point. This check can only be 
temporary, as no possible human works can obstruct for long the action of 
an ocean-current. Further north, towards the southern end of the Ninety- 
mile Beach, the sea seems to be getting the best of the struggle, and the 
fringe of the old fan of the Rangitata and Ashburton Rivers is now being 
cut away. But further north still, when the Ashburton and. above all, the 
Rakaia Rivers have poured in their contributions of shingle, accumulation is 
rapid, as is proved by the presence of the great shingle-bank between Tau* 
mutu and Birdling’s Ilat, dividing the shaBow waters of Lake Ellesmere from 
the deep sea. The shore-current has followed here a direct course across 
the mouth of a deep indentation of shallow water straight to the solid mass 
of Banks Peninsula. By it the northerly current is turned eastward into 
deeper water, and is thus rendered incapable of carrying its load of coarse 
material, so that this is piled by wave-action across the mouths of the bays 
facing south, which have now become 'the valleys known as Price’s Valley 
and Little River. The fine detrital material is swept off into deep water, 
and some may find its way round the eastern side of the peninsula, and 
be dropped in the somewhat sheltered area on its northern side. The rate 
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ot aceumuldtion near Birdliug’s Flat must be extremely rapid, as old maps 
shovr that Lake Porsytli bad in historical times a permanent outlet to the 
sea, and later still the seas used to break over the narrow spit of shingle 
which divided the lake from the sea ; and more recently, within the memory 
of the present writer, this bank has increased in breadth by several chains. 
This increase has taken place in spite of a probably downwai^ movement 
e'vddenced by the presence of submerged forests in Lake Ellesmere. 

The absence of any similar spit on the south side of Banks Peninsula 
between it and the piains is strongly suggestive that they have not been 
beneath the sea since the present land-surface was formed, as spits would 
have formed there if it had been depressed below its present level. The 
presence of a strong northerly current closely hugging the coast, and pre- 
venting the accumulation of silts and similar non-permeable beds inter- 
btratified \nth the shingle, explains the general absence of artesian areas 
to the south of the Rakaia. 

The volcanic mass of Banks Peiunsiila is a fundamental tact or in the 
formation of the Christchurch artesian area, since under its shelter have 
accumulated the liner sediments interstra tided with coarser material 
without which artesian conditions would have been impossible. Imme- 
diately to the north of it the width of the flowing wt'll ” belt is the greatest, 
and it narrows do™ as the distance north and south from it is increased. 
No doubt the northerly extent would be greater were the hills of North 
Canterbury furthiu* away, for the supply of artesian water falls off as they 
are approached, and fails altogether in their vicinity. The general structure 
of the area, as subsecjuont examination will show, is that of irregular beds 
of shingle and sand parted by day-beds. They are not arranged in basin 
shape in accordance with the usual text-book diagrams, but in beds with 
a general slope to the east. 

The water finds its way into the gravel-beds and flows seaw’ards, and in 
all probability it has an outlet beneath sea-level to the eastward of the 
present shore-line. "When a pipe is put down to the water-bearing stratum 
the water follows the path of least resistance, and if the surface of the ground 
is below the effective head of water the well will be a flowing one. This 
seems to be the principle on which the flow is dependent. 

It is probable that during the formation of the artesian beds there has 
been a struggle between two forces — ^viz., the gradual sinking of the land, 
as e\'idenced by the presence of peat-beds several hmidreds of tcct beneath 
the present area sea-level, and the gradual building-up of the plain by aggra- 
dation. In a limited area parallel to the coast -line marine beds may have 
been laid down, and as sedimentation proceeded the area has been covered 
up by shingle fi-om the rivers. 

Present Surface Conditions. 

The former conditiou& can be most easily realized by taking the present 
features of the area. In the sea off the present coast-line are beds of sand 
and mud ; in certain places, as the estuary of the Avon and Heathcote, 
patches of both occur in close conjunction. This estuary tends to silt up on 
account of the gradual increase in height of the half-tide flats by the action 
of Zosbpra and other halophytes entangling the finer sediment carried by 
rhe rising tide and incoming fresh-water streams. Thus over the sand-beds 
a coating of fine silt is deposited. Then again, along the coast and also in 
different places inland, probably marking old shore-lines, are rows of sand- 
dunes. Between them are usually peat-bogs of no great depth, the coating 
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of peaty matter rarely exceeding 2 ft. in thickness. These bogs rest on 
beds of clay formed by the sediment which has been deposited by rivers 
and tides, bat principally by the latter raising the sea-bottom to the high- 
tide level. The area of bog and sandhill stretches back from the sea till 
the surface gravels of the plains are encountered, which have no regular 
boundary, but stretch out as tongues into tin swamp and sandhill complex. 
An excellent example of this is to be seen at Addington, where a shingle- 
bank reaches down to the eastward, passes into Sydenham, and crosses 
('olombo Street South near the Sandridge Hotel. This shingle-deposit 
marks the presence of an old stream of gravel, and others are Jound in 
many places reaching out more or less into the swampy comitry. This is 
the general type of land-surface which is foiuid all over the area. In those 
parts ^close to the sea sandhills and peat -bogs predominate, but on going 
awav from the sea the shingle becomes more and more important, till it 
lorms the whole present surface of the country. The land in all probability 
possessed similar surface-features when the water-bearing beds were boiiisi, 
laid down. 

GrENERAL CONDITIONS OF ArTESIANS. 

In the publications of the United States Greological Survey there are 
munerous excellent papers dealing with the scientific aspects of the flow 
of water in artesian wells. In one of the earliest of these, entitled Requ- 
site and Qualifying Conditions of Artesian Wells (5th Annual Report, 
1883-84), Professor T. C. Chamberlin considers the general conditions 
which determine the occurrence and the flow of wells. Other papers of 
oreat interest are those by F, H. Bong, on the Principles and Conditions 
of the Movements of Ground-water,” and by Charles 8. Slichter, on the 
“ Theoretical Investigation of the Motion of Ground-waters,” both in the 
19th Annual Report (1897-98). In a paper on “ Rock Gas and Related 
Bitumens ” (11th Annual Report, 1889-90), W. J. McGee expresses the 
(‘onditions governing artesian wells so verj’’ succinctly that I quote his actual 
words, especially as they have an impo]*tant bearing on the conditions 
governing our own wells. He says (page 603), “ In the inverse order of 
their importance, the requisites for artesian flow of water are — (1) Condi- 
tions of structure, (2) conditions of texture, and (3) conditions of supply. 
The most favourable structural condition is the arrangement of the strata 
in the form of a basin, as in the Province of Artois in France, from which 
the flowing well takes its name. The rain-water falling on the rim of such 
a basin percolates through the strata to its centre, and there rises through 
natural or artificial openings to a height depending upon the difference in 
altitude between the area of supply (or catchment-area) and the head of 
the well ; but the basin structure is not absolutely essential, and artesian 
flows are obtained from uniformly inclined strata (such as those constituting 
the Atlantic coastal plain) when the catchment-area is elevated consider- 
ably above the well-head, or when the strata either diminish in permeability 
in the direction of the inclination or extend far beyond the point of outlet 
— {.e., textural and other conditions may combine with structure to produce 
flow where structure alone is unfavourable. The most favourable textural 
condition is found when the porous stratum extends from the catchment- 
area to the part of the basin, trough, or monocline tapped by the drill, and 
is overlain (excepting in the catchment-area) by an impervious stratum. 
This condition, like the last, is not absolutely essential to artesian flow, 
since aU rocks are more or less pervious, and if the difference between the 
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catchment-area and well-head is bufficicnt a slight flow may be obtained 
almost anwhere , but it is essential to abundant flow, and, indeed, to the 
slightest flow, unless other conditions are exceptionally favourable. The 
most favourable condition of supply is found when the porous formation 
uses from beneath less poious strata and forms the suiface over a broad aree.’^ 

After this general statement of the conditions governing artesian wells 
we must pass on to consider those which affect the particular area under 
consideration. 

Extent. 

The artesian area referred to in this paper consists of the belt of country 
which fringes the coast from the mouth of the Ashley River southward 
through Kaiapoi, Chiistchuich, Tai Tapu, Ellesmere, to the mouth of the 
Rakaia. Its length is nearly fifty miles, but its breadth varies consider- 
ably, being very narrow at the north and south, and reaching its greatest 
vidth in the neighbourhood of Christchurch, where it is about ten miles 
wide. Its inland boundary is roughly marked by the radway-line which 
runs from Christchurch north to Leithfield and south to Southbridge. In 
one or two places the area extends slightly over this approximate boundary, 
the artesian well farthest from the sea being at Islington, on the Main South 
Line, about eight miles from Christchurch. 

Structure of the Area. 

The structure of the artesian area has been arrived at by considermg 
the records of well-sinkers and plotting the depths and character of the 
beds encountered on sinking. In order to show this, the records of a large 
number of wells hav ^ been drawn m a series of vertical sections. Of course, 
u is impossible to give the records of all the wells that have been examined, 
but a large number of typical ones has been selected on lines run in various 
directions through the area, so that a fairly accurate conspectus of the 
structure can be obtained. In drawing up these records no note has been 
taken of the lieight of the surface of the ground above sea-level in each case, 
since this would have necessitated careftd levelling at the time of sinking. 
It was impossible to do this, as many of the wells were sunk over fifteen 
years ago ; also, owing to excavations and filling in, the level of the ground 
in their vicinity has changed in the meantime in many cases, thou4»h by no 
gt*eat amount. In any case, the error arising from this neglect can be very 
slight, as the height of the surface of the ground over by far the largest 
part of the artesian area does not exceed 15 ft. above the sea, and its level 
is remarkably uniform. This omission does not affect to any marked degi*ee 
the question of geological structure, although it does affect the questions 
of water pressure and flow. It ’s to be hoped that at a later date somd 
information may be foithcoming on the purely hydraulic problems that 
the wells of the area furnish. 

The sections exhibited on the plates will be taken in turn and their 
special features indicated. 

Series xYo. L — From Flington to the Sea-i:oasi at New Brighton. 

(Plate IX.) 

Islington is situated at an elevution of U2 ft. above the sea, and is the 
place furthest from the eoas at which artesian water has been obtained. 
An examination of the section will disclose that the beds are not laid down 
in any markedly regnlat sequence, but are of alternating layers of coarser 
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and finer material, with occasional peat. There is a progressive diminution 
ill the amount of gravel encountered in the bores on approaching the pre- 
sent coast-hne. This is by no means unifoimly true, as the Boys’ High 
Bchool well, in the western part of the citj', shows a verv large proportion 
ot gravel to be present, a feature which is also shown to a minor degree b\ 
other wells in its vicinity — for example, the Christ’s (’ollege, and the Ex- 
hibition well in Hagley Park. This exception does not. however, negative 
the statement that there is a geneial increase in the amount of shingle on 
g(^mg east. These beds must have been laid down where strong currents 
were in operation, due either to iiver or sea currents, the former m all pro- 
bability ; «ind they are almost certainly due to the aggrading action of a 
powerful stream on a land-surface. The presence of peat also proves that 
subaerial conditions obtained over the area while the beds were in process 
of being deposited. The sand and clay beds interstratified wdth them are 
111 all piobabilitv principally of marine origin, since remains of shells are 
iT'oquently encountered in them. Their association ivith land-beds proves 
that there was a struggle going on between the forces that tend to bmld up 
a sea-bottom to the level of the sea and to < ontinue it as a land-surface 
above that level, and, on the other hand, a general sinking of the land, 
which IS evidenced by the peat-beds now found so far below sea-level — 
6<)0 ft. m the case of the well at Islington. It is apparent that at times 
the aggrading forces got the best of it. How far this depression of the land 
has gone on in excess of that already proved is quite uncertain, and only 
deeper wells will disclose the information. 

The water-bearing beds of this section, as, indeed, is the case in others, 
are almost invariably composed of shingle. According to well-sinkers, 
water is frequently found all through these gravels, but the most prolific 
supply IS obtained from just above the impervious layer below the beds ; 
in fact, its general distribution throughout the gravel-layers in a particular 
well is looked on as an unpromising indication for a good flow being ob- 
tained from that bed. The overlying impervious layer is usually clay, but 
it may be sand or even more consolidated and less porous gravel. 

The height to which the water rises is generally found to increase 
with the depth of the well, though in one or two cases the reverse is found 
in the case of a particular bed. This may be put down to friction prevent- 
ing the passage of water through the bed. Owing to the level of the ground 
o\’’er a large part of the area being only a few feet above sea-level and 
sensibly uniform, there is apparently httle difference in the height to which 
water rises on approaching the coast, but the condition of tenure of the 
bed appears to be the controlling one affecting the height to which wells 
rise for a particular depth. In the part of the area to the west where the 
plains rise somewhat steeply the wells are non-flowing, although the pressure 
of the head maintains the water m the pipe at a fairly definite level, and 
it would flow, if it were possible to take it off, below the level of the 
ground. The water in the first stratum of the well at Islington rises only 
to 42 ft. of the surface of the ground — ^that is, the level of the water is 70 ft. 
above the sea. 

Series No, 2, — Deep Wells: Central Ward, Christchurch, 

(Plate X.) 

This series of sections gives a record of a number of the deeper wells 
ol the centre of the city, with one or two others added for purposes of 
fompanson. They furnish the most detailed representation of an v particular 
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locality available at present, and they suggest that when other areas are 
similarly plotted the minute structure of the area may be determined, and 
some of its apparent irregularities may be removed. 

From tins series of sections it will be seen that certam sands, sandy 
( lay, and clay beds are persistent and regular over a fairly wide area. 'Well- 
marked beds” of this type occur at a depth of between 40 ft. and 80 ft. below 
the surface, another ' between 150 ft. and 175 ft., another between 350 ft. 
and 400 ft. Similar, but le persistent, beds divide up some of the main 
gravel-beds into subordinate and irregular layers. From the occurrence of 
shells in certain of these beds it may be inferred that they are marine or 
aestuarine, although it is possible that some are not. It wiU also be seen 
that a bed of gravel, thick and continuous in one well, is frequently broken 
up in a neighbouring well by sand and clay beds. As nearly aU these 
gravel-beds wiU 3 deld artesian water, it is obvious that it is almost impos- 
sible to state the exact depth of the different water-bearing strata in any 
locality, as a particular water-bearing bed of one well may be divided up 
into a number of thinner beds in a neighbouring well, where, owing to dif- 
ferent conditions of pressure, friction, and the supply of water, flows of 
varying amount may be obtained from what are apparently different beds, 
although they are really connected with one another. It is thus impossible 
to predict with any degree of certainty the number of water-hearing beds 
that will be encountered within a given depth, or that water will be met 
with at any particular level, though certam belts are extremely likely to 
contain it in one or more levels. It will be noticed that a very unifoim and 
widely distributed water-stratum is found about the 400 ft. depth ; all the 
wells from this show a marked regularity in the height to which the water 
rises above the surface. This is, in all probability, a stratum covered by 
marine or aestuarine bed, an occurrence which suggests that the conditions 
were uniform over a comparatively wide area. 

This series of sections shows the presence of peat-beds, sometimes singly, 
and again divided by thin bands of clay and gravel. Eemains of wood 
are also encountered. 

The height to which the water rises in any particular well is also found 
to depend principally on the depth, although there are one or two departures 
from the rule, as mentioned in dealing with Series No. 1. 

Series No. 3. — Papanm\ St. Albans, Richmond, and Shirley. 

(Plate XI.) 

This shows the structure and character of the water-bearing beds in the 
district stretching from Fendalton, through St. Albans, towards the coast. 
The first well lies on the edge of the artesian belt, and shows, at all events 
in its upper levels, a mark^ predominance of gravel ; but on going east 
the amount of gravel in the sections decreases, and finer detritus becomes 
more important. There is a certam element of regularity in the arrange- 
ment of the beds, A well-defined clay-bed extends almost all over the area, 
with an occasional coating of peat, and under it is a fairly regular band 
of gravel. Under this lies an extremely persistent bed of sand or sandy 
clay, which contains at times marine shells, thus showing that the sea 
stretched over the area at a comparatively recent date. TiSs is succeeded 
below by a somewhat broken set of beds composed of ^avel separated by 
peat and also by fine detrital matter ; but in spile of the apparent irregu- 
larity there is an approach to order in the arrangement, and a more com- 
plete set of sections would show this absolutely. Even the sections as they 
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stand give a fair idea of the thinning-out and thickening of the same bed in 
different parts of the district. Below the belt where gravel predominates 
there is a set of beds composed of finer detrital matter, which would pro- 
bably be continuous if the records of more deep wells were available. It 
will be noted also that there are very regular and widely distributed peat- 
beds, especially in the Fendalton and St. Albans area. 

The series shows that there was a general struggle for existence between 
the land and the sea. The periods when the former got the best of it are in- 
dicated by the presence of peat, and perhaps by the gravel-beds, and the time 
when the sea stretched over the area is indicated by the finer-textured 
beds \vith theic occasional shell-remains. The amount of rise in the wells 
increases, as a rule, on approaching the coast-line, and this may be put 
down to the better textural conditions near the coast. Instead of the 
water being distributed throughout the thick beds of shingle it is concen- 
trated by the impervious beds into narrower liands, and so gives higher 
and stronger flows. 

Senes Xo. I. — Sijdenham, Opawa, Heathcote to Estuanj. 

(Plate XII.) 

This series shows the structure of the belt of country which fringes the 
foot of the Port Hills and extends across the estuary towards New Brighton. 
The wells of special interest are those close to the hills, in whose records 
there is frequent mention of the presence of angular matter of volcanic 
origin. It is probable that the water supplying them comes from rain 
which falls on the Port Hills, and not from that on the plains, but more 
detailed work will have to be done before this statement can be maintained 
for certain. There is no doubt that the rocks of the hills exert a disturbing 
influence, since some wells which are sunk in their vicinity to beds of shingle 
yield no water, though a little distance further away similar beds at equal 
depths are prolific. These beds must be cut off in some way from the main 
artesian area. Others of them are down very close indeed to the under- 
lying beds of volcanic rock, especially those near the present estuary, a fact 
emphasized by the record of the welk sunk by the Sumner Borough Council 
in their efforts to obtain 'water for the reservoir which supplies the borough. 
The ignorance of artesian conditions, as well as the unnecessary expenditure 
of the pu])lic money resulting therefrom, is thoroughly exemplified in con- 
nection with one well in the estuary near the Fisherman’s Flat. After 
getting a poor flow of water at a depth of 416 ft., the boring was continued 
41 ft. further, thi’ough layers of scoria and hard black basalt, evidently an 
outlying part of the rooks of the Lyttelton volcano, m expectation of getting 
a more plentiful supply. Needless to say, this hope was not realized. • 

The lecords of the wells near the estuary show that beds containing 
shells are met with very persistently, and it may be inferred therefrom 
that the conditions on the north side of that part of Banks Peninsula have 
not altered materially since the beds were first laid down — i.e., the area has 
been aestuarine for a very long time. 

This series contains the record of two very deep wells : the first sunk 
to a depth of 708 ft., near the old Heathcote Bacecourse, in order to obtain, 
if possible, a supply for the Lyttelton Waterworks — ^an unrealized expec* 
talion ; and, secondly, the well sunk at the Sydenham Water-tower, which 
reached a depth of 572 ft., and gave a flow of water from a depth of 560 ft,, 
which rose 32 J ft., and was described by the well-sinker (Mr. J. W. Home) 
as the largest flow he ever got. I believe that this is the deepest flowing 
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well in tlie Christchurch artesian area, the well at Islington, though sunl: 
deeper, not giving a Hovr at the surface. 

times IVc. -5 . — Coastal Belt: Sefton to Estuary nj Arnu and Heatkcote, 

(Plate XTIl.) 

This senes aives a sele<*tion of wells from along the coastal belt reaching 
h'oni Seftoii to the north of the Ashley E-iver, through Kaiapoi and N(‘V' 
Brighton to the Port Hills at the estuary of the Avon and Heathcote. In 
the extreme north of this belt the supply of water is poor, but fairly good 
ftows are obtained in ^Yoodend and at Kaiapoi ; nevertheless, the supply 
is both deficient in amount and in the height of rise as compared with W'ells 
in the immediate neighbourhood of Christcliiu*ch. The relative small 
height of rise can be readily seen by comparing the Kaiapoi Borough Council 
weU, sunk to a depth of 45() ft., wdtii deep wells in the middle of Christchurch. 
The Kaiapoi weU gives a rise of only 10 ft. from that depth, whereas th(‘ 
Christchurch wells give a i‘ise approximating to, or even exceeding, 30 ft. 
This well gave a flow of 50 gallons per minute at a height of 1 ft. when first 
simk, an amount which compares favourably witli deep wells further 
south ; hut the comparative smallness of supply is borne out in the case of 
other wells. Inland from the towm the supply falls off considerably, for at 
Ohoka a well simk to a depth of 374 ft, gave only a 2 ft. rise. In this case, 
however, the beds were almost exclusively of shingle, and the conditions of 
texture were decidedly unfavourable for the production of much artesian 
water. As a general rule, the beds of Kaiapoi and its immediate vicinit\ 
show the presence of a large proportion of shingle, from which it may be 
inferred that a large river has occupied the presonf position of the tVai- 
makarixi for a considerable period of time. Just to the north of Kaiapoi, 
and also to the south, beds composed of finer detritus become more 
important, till when the estuary is reached they are almost wholly of flue 
material, with an entire absence of shingle. 

The two important factors controlling the conditions of texture of the 
beds are the presence of Banks Peninsula to the south and the delta of the 
Waimakariri in the north. This river has pushed out its delta beyond the 
general trend of the coast-line, and the finer material brought down is 
deposited on either side of the mouth. This accounts for the area of swamp 
immediately to the north about Woodend, and also the extensive deposits 
of fine material in the neighbourhood of New Brighton. An import ani 
factor in the latter case is the strong littoral current which runs down tlu^ 
coast during northerly winds. At that time the Waimakariri is usually in 
flood and heavily charged with sediment, so that the conditions are* 
eminently favourable for the transport south of large quantities of detritus. 
A part of this is carried landwards, and ultimately forms dunes along Ihe 
shore ; and another part is deposited in shallow water offshore, or in 
ratuaries formed behind the sand-dunes. Such acstuarine deposits arc 
indicated in the sections given by the wells by the frequent marine shells 
which are brought up from the bores. These show that on the site of the 
present estuary of the Avon and Heathcote the conditions have been the 
same for a long period of time. No peat or other land deposits are met with 
in this part of the district till deposits of angular matter are reached at the 
base of the series, derived without any doubt from the disintegration of 
masses of volcanic rocks on the Port Hills. 

The wells along this belt of country close to the shore lise in sympathy 
witih the tide, and the water contains a high percentage of salt. 
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Se)ics No 6 — Elhsmen Yotth to iddimjton and Oehhie\ Valley 

(Plate X.i\ ) 

This senes gives a selection of ^\ellb fiom the distiict lound Lake Elles- 
neie Its special featuies aie the maiked piepondei.ince of giavcl in the 
appei beds in the southern paits of the area and the compaiatively pool 
flows of watei that aie met with e\en m deep wells The leqmsite anangc 
ment of beds seems to be absent oi but slightly developed a condition 
which otcuis in othei cases wheie the distance fiom Banks Peninsula 
increases 

A ^ei'v interesting pait of this area is that Iving along the base of tht 
hills m the neiahboiuhood of Gebbie’s Valiev The beds heie aie almost 
wholh of sand and sand\ cla'vs, as is shown the sections numbered 15, 
16 and 17 which ma'\ be taken as t\pical , thev also contain a fan pio 
poitioii of angulai ^okamf mattei and thus lescmble those on the noitlj 
side of the peninsula 

At Tcddmgton, lust o\ei the pass at the head of the valley, and within 
the basin of L\ttelton Haiboui theie is another s\stcm completely cut oft 
fiom that on the outside of the hills bv the slates and volcanic locks which 
foim the western pait of the old iiatei-iing of the L>ttelton volcano It 
has been pointed out b> Page and Piideaux in a paper entitled * Notes on 
an Artesian System at the Base of the Poit Hills (Tians N Z Inst voL 33, 
p 335 1901) that these wells, and also those at Gebbie’s Valley, piescnt som< 
decided difieiences fiom those of the plams, in that they contain a much 
highei piopoxtion of chemical salts notably chloiides, as well as exhibiti 
a highei tompeiatuie than those of the Christchurch aiea 

It is \eiy piobable indeed as pointed out m the papei ]ust xefeiied to 
that the Gebbie’s Valley wells belong to a difteient system from that on the 
plains, and the conditions governing the flow of watei will bo in that case 
very similai to those which occui at Teddmgton In both the stiuctme 
of the beds does not seem to be at all favouiable to aitesian flow but con 
ditions of textuie appeal to be the contiolling factoi 

A well which shows a i elation to these is the fouiteenth on the senes 
sunk neai the foot of the Poit Hills, at Hoonhay This gives a flow of onlv 
gallons pei minute, and the watex-beaiing stiatum is a layei of scoiia 
lying on solid lock The watei has in all piobability followed the smface 
of this lock down fiom highei levels on the Poit Hills, and the well is quite 
distinct from the Chiistcliuich aitesian system 

Level of the Water iv ihe WehjS 

The height to which the watei rose from the vaiious levels in each well 
at the tunc of sinking is given m a small figuto placed near the vertical 
section^ at the depth at which the watei was oucounteied The surface of 
the giound is taken as the datura-Une, and the height above this is leekoned 
positive and below it as negative , the Utter applies to non-fiowmg wells 
and to beds which do not ^leld a flow at the surface These records furnish 
a basis for determimng the amount of fall m levels which takes place aftei 
a well has been flowing for some tune, a fall due partly to the fact that all 
wells go down shghtly aftei a shoit period of time, even if they aie not 
mterfeied with by otheis, and also to the fact that wells affect each other 
matoiially if they happen to be sunk so as to cause overlapping of the cones 
of depression which sunound each well. The fall in level of the wells has 
been very rapid since they weie first sunk m the district* 
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Tn his papei entitled " The Behaviour of Two Wells at the Canterbmy 
Museum ” (Tians. N.Z. Inst., vol. 28, p. 654, 1896) Captain Hutton states that 
a fall of from 2^ in. to 2] in. per year has taken place m the case of fiist- 
stiatum wells, and as much as 5J in. per year in the case ot second-stratum 
wells. Comparing Captain Hutton s record of the height of the Museum 
well in 1895 with its height now, it is found that it has lallen off 53 1 in. 
in the fifteen years which have elapsed, thus giving an aveiage yearly drop 
of 3*6 III. It is therefore falling off at a slower rate now than when Captain 
Hutton made his observations. In the paper just cited Captain Hutton also 
gives his observations on the height of the wells relative to the weather- 
conditions, &c. He notes the rapid response to rain ; an occasional lise, 
apparently inexplicable on any known cause ; a marked evening rise, which 
he attributes to a lessening of the call on the wells towards evening. He 
failed to* find any tidal effect or any trace of variation in sympathy with 
floods in the Waimakariri. 

These observations are being continued at the present time by the 
author, and also by Dr. Hilgendoi-f, of Lincoln College, but it is too 
early to make «niy definite statement as to their trend, except that the 
influence of rain and the existence of the evening rise are undou])ted. 
It was hoped that a variation in sympathy with the barometer might 
he detected, which might explain the evening rise to a certain extent, 
and also the non-response of floods in the Waimakariri, which usuafly come 
at a time of low barometer. It is possible that the effect of floods in the 
Waimakariri may be just sufficient to mask the effect due to low barometer, 
and the isolation of the two separate effects may be a matter of consider- 
able diffi<*iilty. The present author has received feom very reliable observers 
so many authentic statements of the influence of the Waimakariri on 
rams and wells that the idea cannot be set aside as quite without founda- 
tion, and further observations are necessary to establish or disprove it. 
The undoubted effect of the barometer on the flow of wells must also be 
taken into account, and future observations may settle the question. At 
the same time, it must be admitted that the observations at the Museum 
may lead to no very definite result, owing to the disturbing influence of 
neighbouring wells, but much more may come of those which are being made 
at Lincoln under the direction of Dr. Hilgeudorf, since the wells there are 
comparatively isolated. 

The greatest rise above the surface of the ground in the wells I have 
examined is that of a well in Manchester Street North, which reached as 
high as 37 ft. from a 451 ft. level ; but a large number of others give a height 
nearly as much as this when sujak to about the same depth. As a general 
rule, the height increases with the depth, but there are a few cases where 
variations in permeability seem to exert a neutralizing effect on the depth. 

Amount or Flow. 

The amount of flow per minute is very variable, and lies between zero 
and 100 gallons, and it is possible that greater flows occur of which I have 
no record. As a general rule, the quantity is greater at the deeper levels 
of each well, though with marked exceptions. The well just cited above 
as giving a very high rise yielded 40 gallons per minute at the surface from 
a bed 451 ft. deep, a flow of 20 gallons from one 386 ft. deep, but one of 
60 gallons from the 296 ft- level, thus showing clearly that the amount 
does not altogether depend on the depth. I am informed by Mr. Osborne 
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that such anomalies are frequent. The quaiitity falls ofl naturally if the 
well he tapped at a height above the ground, but in cei*tain cases a ver^'' 
< onsiderable flow is obtained even at a high level. Observations have not 
been made to see if the diminution of flow follows the law stated by 
^^lichteI in the paper cited pre^dously, but it is hoped that they may be 
carried out. 

It is evident that not only the depth hut the permeability of the strata 
and the amount of supply aflect the yield fi‘om any particular well. The 
well-sinkers say that the best flows are obtained a little above the lower 
boundary of the water-bearing stratum, and, further, that where the 
water is distributed throughout a water-bearing bed the flow is always 
poor. These facts tend in the direction of the idea that there are well- 
defined layers of water percolating, probably at a somewhat rapid rate, 
through the porous gravel- beds of the area. IVTien one considers the number 
of wells, the large amount which flows from some of them, and the great 
waste of water that is going on continuously, it will be readily realized 
that they must derive the supply originally fi‘om some very prolific and 
constant* source, and one which is not very materially diminished by the 
enormous tax on it. 


Source of Water. 

The water which supplies the wells appears to come from two sources — 
viz,, the rainfall on the plains and the underground percolation through 
the shingle from such rivers as the Waimakariri. That the first source 
is undoubted is proved by the falling-ofl[ in the amount of water supplied 
by the wells during a period of dry weather, and their immediate lecoverj’^ 
after rain. On one occasion the level of the water in the well at the Canter- 
bury Museum jumped up 6 in. after several days' rain. The same efiect was 
noted by Captain Hutton. The response is so marked that there is no doubt 
of the source of the supply, nor that the permeable beds outcrop but a 
short distance — ^probably a few miles — from where the wells are sunk. 
However, as the rainfall over the Canterbury Plains in the neighbourhood 
of the artesian area is comparatively low, and has an average of about 
25 in. per annum, with a minimum of 14 in., recorded to date, it is evident 
that this amount coidd not furnish a supply suSicient to satisfy the great 
drain on it and keep fairly uniform, were there not some more reliable and 
constant source. The only satisfactory explanation for this main supply 
is that there is a very large amount of percolation through the shingle of 
the plains from leaks in the river-beds, which finds its way across the out- 
crops of the 'permeable beds and thus contributes towards the artesian 
supply Such leaks do undoubtedly occur, and during dry seasons a very 
large proportion, if not all, of the water in certain of the shingle river-beds 
is flowing underground. At a small depth there is usually an abundant 
supply, even when they are perfectly dry on the surface, and it takes 
but a slight shower of rain to make such a river again flow on the sur- 
face. In some of the rivers, like the Selwyn, the water disappears com- 
pletely from sight even during normal seasons, to reappear miles lower down 
at the surface where the underlying beds are not so permeable. Many 
springs also occur along a belt winch runs approximately through the place 
where the Selwyn water comes to the surface parallel to the coast-line and 
near the upward limit of the known artesian area. It is probable that the 
containing impermeable beds of clay and hard sand reach their furthest 
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westerly limit about that line, though, by sinking deeper wells still, they 
may be found to reach much further west at greater depths. 

It is absolutely certain that water sufficient for the supply flows through 
the shmale. A statement has been repeatedly made to me l)y reliable 
persons that their wells flow much better dining and after a nor’-wester. 
Accepting these statements as true, though my observations on the Museum 
well do not confirm it, the explanation would be that during nor’ -westers 
the rivers are high, owing to heavy rains and melting snows on the main 
ranges to the west, and so an additional supply would be expected in the 
underground streams formed by percolation from the river-beds, and there- 
fore the wells would respond with an increased flow. If the observ^ations 
on which this conclusion is founded are satisfactory, it would tend to confirm 
the idea that the major part of the water in the artesian area comes from 
underground streams which reach the edge of the outcrops of the clay-beds 
occurring on the eastern fringe of the plains in the neighbourhood of Banks 
Peninsula. 

Tidal Wells. 

Along the shore-line the height to which water rises is affected very 
markedly by the tide ; for example, at New Brighton, according to obser- 
vations carried out by the author, the level reached by water standing in 
an open pipe varied during a tide as much as 18 in. in the case of a first- 
stratum well (depth, about 144 ft.), while a second-stratum well (depth. 
280 ft.) was only affected to the amount of 10 in., both wells being a few 
yards away from the high-water mark and slightly above it. The influence 
of the tide on the wells is noticed all along the coast from north of the 
mouth of the Waimakariri nearly to the mouth of the Rakaia, and its effect 
is felt inland for a distance of three miles in the neighbourhood of Christ- 
church, with a gradually diminishing amount as the distance from the 
sea increases. It is impossible to tell the exact limits of the influence of 
the tide, owing to local and variable causes masking it when the amomit 
is small. 

It is also noteworthy that these tidal wells are salt. Near the shore 
the water from the first-stratum webs is so salt as to be unpleasant to drink, 
while that from the second stratum is less salt, the amount of salt ness 
falling off wdth greater distance from the sea. No data are at present 
available as to the amount of saline matter present in these wells, but this 
will be furnished in a subsequent paper. In certain cases, too, wells sunk 
some distance from the sea are distinctly saline immediately after being 
smik, but lose their salinity after an interval of a few wrecks ; but this 
does not apply to those near the shore, which are permanently salt. 

Natural tidal wells are known from other parts of the world, and I have 
seen a reference to similar artesian wells round the shore of the Bay 
of Tokyo, in Japan. I cannot find the article on this subject which drew 
my attention, but, as far as I can remember, the wTiter attributed the 
variation in level in this case to the loading of the surface of the ground by 
an additional weight of water at high tide, and cited experiments as to the 
effect of artificial loading on the height of wells. As far as I can recollect, 
the two cases are somewhat parallel ; but the presence of salt water in the 
Canterbury tidal wells suggests that these wells have access to the sea, 
which is not explained by the theory just mentioned. 

The combined effect of the tide and the presence of salt may be explained 
if it is understood that the water-bearing stratum has an outcrop under 
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tlie sea, and that tlicr(‘ is a possibility of mixture occurring between the 
salt water aud fresh under these circiimstanoes. It will generally be thought 
that an outlet under the sea \vould at oneo destroy the possibility of getting 
artesian watei near tlie shore, but I think it can bo shown that even with an 
outlet the pieseiiee oi a counterpoise of sea-water may ])e almost as effective 
as an impermeable bcnl blocking the outflow. The conditions will resemble 
to a certain extent those of the well-known laboratoiv experiment of the 
U tube, with its bivinches filled with unequal lengthened columns of liquids 
of uneciual density which Ijalanee one another. It is perfectly possible 
to draw off a supply of the lighter liquid from a level above that of the 
heavier liquid. IE now we suppose that salt and fresh water are the two 
liquids, then if w<‘ have a constant supply of fresh water carefully intro- 
duced it -will be possible to diaw off a continuous supi>ly of feesh water at a 
Idgher level. Let us now^ apply this experiment to the circumstances on the 
shore of the artesian area— sav, at New Brighton. In this case the rise of 
tlie tide is about 6 ft., and the depth of tlie first-stratum wells near the shore 
about 144 ft. Wo may suppose, therefore, that the 'water-beaiing stratum 
outcrops at an approximate depth of 144 ft. below' low water. Taking the 
specific gra\uty of sea-water as 1*025, the length of a column of fresh watei 
which would exactly balance this would be 144 x 1*026 — ^that is, 147*6 ft. 
vSo that a well sunk at the level of low water and supplied with a continuous 
amount of fresh water from inland would flow at about 3 ft. above the 
surface. If now the tide rises, the well will rise -with it. Theoretically, 
a rise iu the tide of 6 ft. with no admixtui-c of the liquids would cause the 
well to flow 6 ft, higher. The New Brighton wells do not vary as much as 
this, a discrepancy due to a certain extent to the friction which obstructs 
the rapid flow of water through the beds, thus diminishing the effective 
pressure, and also to the admixture of the salt winter with the fresh at the 
bottom of the well, which also reduces the difference between the level ol 
the sea and that of the wells. This mixture must take place owing to the 
disturbed conditions at the bottom of the w^ell, due principally to the move- 
ment which must take place as the water is drawn off. Tliis explanation 
accounts for the mixture of salt water with fresh in the case of wells neai 
the shore, and also the falling-off in saltness as well as in the tidal effect 
on increasing the distance from the shore. 

Conclusion. 

It is hoped that the diagrams given with this paper may be of some 
interest and use to the general public, as they afford a certain amount of 
information as to the depths at which the water-bearing beds are to be 
found, and seeing that these records are put into such a form as to be readily 
understood. 

The main results of this prehminary investigation of the area are to 
demonstrate, — 

(1.) That the geological arrangement of the beds is not so irregular as 
was anticipated at first, but that certain probable marine beds are persistent 
over considerable areas. 

(2.) That the water-bearing beds, being gravel, and in all probability 
laid down on a land-surface or by the agency of strong and voting currents, 
are liable to great variation in thickness and also to be split up by inter- 
calated sandy or clay beds. This increases the number of water-bearing 
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Ijeds, and militates strongly against accurate predictions being made as to 
the precise depth at which water will be struck in any particular locality. 

(3.) That the level of the land was gradually depressed for at least 600 ft., 
probably much more, while the beds were being laid down. This fact has 
considerable bearing on the explanation of the advance and retreat of 
iilaciers within recent times, and also on the formation of terraces in the 
Canterbury District. In the face of the positive evidence for depression, 
the explanation of the formation of the river-terraces as a result of eleva- 
tion must be taken with great reserve, and the present writer does 
not believe that elevation was the determining cause for their formation. 
The reason for the depression of the land is uncertain. It may be the 
result of a loading of the crust with detritus, or it may be due to some 
great crustal movement whose prime cause can hardly be indicated 
at present, considering our scanty knowledge of the changes which affect 
the body of the earth as a whole. 

These are the main results of this inquiry up to the present, but there 
are several further lines of investigation which could be indicated, such as 
(1) the chemical properties of the water in relation to the geological con- 
ditions, (2) the various interesting hydrauhe problems dependent on 
pressure and supply, and (3) the purely geological one of the actual order 
and arrangement of the various beds in their bearing on the general mode 
of construction of delta deposits. 


Akt. XLI. — The Ejects of the Disappearance of the New Zealand Bush. 

By Akchdeacon Walsh. 

[Rtai btfou tin AucMand Institute, September, 1910.] 

Ox the IDth July. 1896, I read before the Auckland Institute a paper in 
which I attempted to trace the principal causes which are combining to pro- 
duce the extensive and rapid disappearance of our native forest. Tins was 
followed in 1898 by another, in which I endeavoured to forecast what 'wdll 
be the future condition of the forest when something like a balance shall 
have supervened between the destructive agents on the one hand and the 
resilient powers of nature on the other. It may be well to follow up the 
subject a stage further, and try to point out some of the more notable 
effects which are already following on the deforestation of the country, 
and which, as time goes on, must increase in an accelerating degree. 

In order to present the matter as clearly as possible I shall recapitulate 
once more the argument of the first paper : — 

The two principal destructive ageuts, besides the axe of the bushman, 
are cattle and fires. Any one of these acting alone is sufficient to do a great 
deal of damage ; but when they all act in conjunction — as they generally 
do — ^the destruction is greatly accelerated and intensified. 
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The greater part of the forest below a moderate altitude, thjoughout 
both Islands, is an open cattle and pig run in which by the browsing, 
trampling, and lootina of the animals the undergrowth is gradually de- 
stroyed, the sui’facc-rools lacerated, and the soil trodden into mud, which 
in summer hardens almost into a bed of concrete. The consequence is 
that the larger trees, deprived of their accustomed nourishment and pro- 
tection, gradually grow thin and open at the top ; the ground is covered 
with the fallen leaves, and the deb) is of centuries, now exposed to the sun 
and wind, is dried to tinder, when the whole place is ready to be s^wept 
by fire, which sooner or letor is sure to happen. 

In thickly settled districts, and in those where tim]>cr-gottmg is carried 
on, the destruction is, of course, most rapid and complete, as every clear- 
ing, timber-working, and road-line forms a starting-point for the fires, which 
spread into and kill some portion of the standing hush. And as wherever 
the fire has once passed it will pass again while there is anything to burn, 
before very long, in districts where clearings are frequent, the whole bush 
is ronbumed, with bbe exception, perhaps, of that which stands in the 
lower and damper situations, or which from the conformation of the comitry 
is protected from the sweep of the flames. In this way, in a comparatively 
few years, immense areas have been destroyed in many of tlie more settled 
districts, while in others the work is going on more or less rapidly and 
completely, according to the nature of the bush and the climatic* and other 
conditions. 

Now, it does not require a great deal of intelligence to understand that 
such a radical alteration in the conditions of the country as is involved 
in this wholesale destruction must result in very serious consequences, 
whether for better or for worse. So far, unfortunately, I think it must 
be admitted, the consequences are very largely for the worse — as I shall 
endeavour to show. 

The effects of the disappearance of the New Zealand bush may be 
roughly classed under two heads — viz., climatic and lopogiaphical. 

Climatic, 

( 1 .) BainfalL 

There is a widespread popular opinion that rain is attracted by standing 
forest. Much speculation has been expended on this question ; but, so 
far as 1 have been able to learn, it has not led to any very satisfactory 
results. To a superficial view, the theory seems to be borne out by the 
fact that there is generally a greater rainfall in forest-covered districts 
than there is in open country— as, for instance, the west coast of New Zea- 
land, which is heavily wooded, is much wetter than the country along the 
east coast, which is comparatively diw. But this is really to mistake cause 
for effect ; and the truth is, so far as it can bo ascertained, that the amount 
of precipitation is at least mainly determined by the topographical con- 
ditions of a country, apart from its vegetable covering— that, in fact, the 
rainfall is not caused or increased by the presence of the bush, but that 
the growth and conservation of the bush are promoted by the excessive 
rainfall. This contrast in the hygrometrical conditions of the east and' 
west coasts is very easily accounted for. The moisture-laden winds from 
the ocean, meeting the steep face of the chain of hills which — ^with an 
occasional break — extend along the west coast of both Islands, are thrown 
up into a colder stratum, with the result that the moisture is immediately 



438 


Tranmcfioji^. 


condensed, and falls lu tlio form of ram on the upper parts of the elevated 
ground. After passing along for a few miles the moisture is, as it were, 
strained out of tlie air, so that the same aerial current that brings ram to 
Hokitika, foi instance, becomes a drv wind by the time it roaches C'hrist- 
•chiirch. 

( 2 .) 

But thougli the iemo\al ot the forest mav not result in the diminution 
of the rainfall, it may nevertheless have some very marked effects on the 
climate. One ot the principal ot these is the increasing strength and 
dryness of the winds that blow during the summer months, and which 
have become more and more injurious to vegetation. The cause is not 
far to seek, and its operation may be obseived in any part of the bush 
district to the north of Auckland, and especially in the high rugged 
country which was once the home of the kauri. A few years ago, "svith 
the exception of some comparatively insignificant areas, this extensive 
district was covered with forest from shore to shoie. The warm vdnds, 
charged vuth moisture from the ocean, passed gently over the country 
without injury to the most delicate plant — in fact, they were just what the 
native vegetation re(]uirod for its full nourishment and growth. But 
with the destruction of the forest there came a change which is being in- 
tensified every day. The removal of the kauri, and the settlers’ clearings, 
made way for the forest-fires ; and as these did not confine themselves to 
the portions artificially cleared, but worked their way into the standing 
bush, in a comparatively short time the greater portion of the country, 
especially along the backs of the high ranges, became denuded. Unless 
this bared land is immediately brought under cultivation, which is only 
done in the more fertile spots, it soon becomes covered with a clothing of 
fern and tea-tree scrub ; and this in its turn is overrun by fire every dry 
season, each fire consuming some of the humus in the soil, and gradually 
reducing the land to barrenness, until at last the scrub becomes so light 
that it affords no protection to the ground from the sun’s rays. The con- 
sequence is that on every clear day from December to March the air is so 
superheated by the radiation from the baked soil that it rises in a column 
to the heavens, and a current is established to draw in a fresh supply from 
the lower levels. Every aully becomes a funnel up which the wind rushes 
in a tearing blast, becoming more and more desiccated as it travels ; 
orchards are blighted, grass is paiched up, and crops are prematuiely 
ripened ; while the remnant of the bush becomes so dried up that it 
is ready to be swept by the first fire that comes along. Old settlers will 
tell you that the seasons have changed of late years, and they fondly hope 
that after a certain cycle has run its course the old state of things will 
return ; but this will never happen imtil, by judicious planting and 
cultivation, something like the old conditions have been re-establislied. 

But the effect of the wind is not only felt on the high lauds. The 
draught commences at the coast, and is di*awn up the estuaries and the 
long winding valleys that are a feature of the topography of many parts 
of both the North and the South Islands. On the Holaauga River, whicli 
. has a navigable course of over twenty-five miles for large vessels, and tra- 
verses an extensive settled district, it is noticed that the summer winds 
are much more violent than they were when the place was first occupied. 
Orchards and vineyards require more protection ; while along the banks 
the native bush has a parched and storm-swept appearance that it never 
liad in former times. 
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(3.) Bhzzaids, 

In cei-taiD paita, chiefly on the lcvt*l lands alon^ the west coast, and 
notably on the lonf> stretch between Cape Egmont and Wellington, a new 
trouble has arrived in the shape of the blizzard,” the name signifying 
in America a snow-blast, but wliich has in the locality mider mention been 
applied to the salt storms that drive in from Cook Strait. The district 
has always been a windy one, as may be seen by the growth of the old 
native trees still standing, the weather side of the karakas, mahoes, &c., 
being shorn off, while the tall trunks ot the rinius and kahikateas lean out 
of the perpendicular. But with the removal, partly by the axe and partly 
by decay induced by the rumination of cattle, of the belt of scrub and 
small bush that stretched along the coast the conditions have altered 
greatly for the worse. The salt spray that was once stopped by this 
natural breakwind is now carried for miles inland, and is not only 
severely felt by stock, ])ut is most injurious to almost every kind of 
vegetation. An object-lesson might have been watched in the gradual 
destruction of an extensive plantation of macrocarpa-trees made some 
thiity-five years ago near ITawera. Those for some time did very well. 
They grew uniformly to a fair height, and promised to make a most useful 
shelter-belt. But in proportion as the natural bush to seaward disappeared 
they were no longer able to stand against the salt blasts. Swept by succes- 
sive blizzards, tliey gradually perished, until a few years ago a picture in 
the Auckland Weekly News showed the last survivor, a stoim-heateii dying 
wreck. 

This is, of cotu’se, an extreme case : but the same thing may be seen 
more or less on any exposed part of the coast from which the natural pro- 
tection has been removed. 


(4.) F/osts. 

We never used to have these heavy frosts before the emigrants came 
in,” said the old Taranaki settlers some twenty-five years ago, as they 
Ihoueht of the golden days, when the “ garden df Now Zealand ” was 
fenced of from the rest of the world by forty miles of standing bush. The 
statement was not much exaggerated, as the forest, which was particularly 
tall and dense, not only sheltered the country from the violence of the 
south-easterly winds, but had the further effect of modifying the tempera- 
ture to a great extent. But when the laud was thrown open for settlement 
the bush disappeared with remarkable rapidity ; the cold winds swept 
unchecked over the bare land, and lor some year's past the frosts have come 
domi to the water’s edge. 

Hokianga used to claim a subtropical climate, and in a few sheltered 
spots the banana may still be found ripening in the open. But these spots 
are daily becoming more rare. Since the general disappearance of the 
forest a stream of chilled air flows down the long tributary valleys, and not 
only jeopardizes the growth of the more tender plants, hut materially 
affects the remnant of the native bush. In many cases one sees the out- 
standing puriris — an interesting survival from the rumination of the cattle 
— quite seared and blackened, while the ashen hue of the withered taraire- 
trees shows that the frosts, once in this region confined to the flats, arc 
now reaching up the hillsides. In fact, it is safe to say that with the dis- 
appearance of the bush the frost-belt has moved many miles further nortl*. 
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(5.) r'oZrf and Droughts, 

T)iin]ig late yeais the dairy industry has been one of the most popular 
«ind profitable industries of the bush settler. Every acre or two of grass 
represents a cow% whose yield of milk helps to swell the monthly cheque 
from the iacto]‘v ; and so, regardless of everything beyond the immediate 
remrn, the bush is cleared away as fast as possible, and the land laid down 
to pasture. If it were only a question of a dairy farm here and there amid 
the surrounding bush the residts might, perhaps, justify the policy ; but 
w’hen a large area is wholly occupied by dairy farms unlooked-for conse- 
tjuences are sure to follow. To take one instance where the whole thing 
has been worked out to its logical conclusion : Some forty years ago the 
Settlement of Okaihau was formed on a piece of land between the Bay 
of Islands and Hokianga, covered for the most part by a dense forest, then 
known as the Nine-mile Bush. Through the centre ran a broad level 
ndge — almost a tableland — 800 ft. above sea-level, which fell away on both 
sides in sharp ranges and deep gullies to two tributaries of the Hokianga 
Biver, INTien the first clearings were made the soil seemed to be of quite 
unusual richness : droughts were unknown, and every variety of crops 
urew with the areatest luxuriance. Attracted by the fertility of the soil 
«md the advantages of the situation new settlers flocked in, and before long 
practically the whole of the land was cleared. Then, when it was too late, 
the evil of this -wholesale denundation began to be apparent. The wind 
drew up the bared gullies and swept unchecked across the tableland — 
in bitter squalls in wdnter, and in scorching gales in summer. Droughts 
became common, and the smaller streams dried up for want of protection 
at their sources. The very character of the soil seemed to change from a 
rich, deep loam to poor, light stuS ; cropping was almost abandoned, the 
grass grew scantier every year, and the whole settlement now carries less 
stock than it would do if a reasonable proportion of the bush had been 
left standing. 


Topoorapuical. 

But serious as are*the effects on the climate caused by the removal of 
the bush, they are nothing to those which are produced on the topography 
of the country. Of these some of the most disastrous are those which 
result from floods. 

(1.) Floods, 

Floods have doubtless been always pievalent in New Zealand ; with 
its peculiar geological formation and its abundant rainfall it could not be 
otherwise. But ^vith the removal of the bush they have assumed a form 
unknown before, both in regard to their magnitude and their power of 
dfestruction. 

In its virgin state — ^before it is invaded by cattle — ^the New Zealand 
bush forms a natural storage for rain-water, and supplies an effective safe- 
guard against excessive floods. Even in the most torrential downpour a 
large proportion of the rain never reaches the ground. The dense canopy 
formed by the tops of the trees breaks up the heavy drops into a fine dew, 
part of which is at once absorbed by the foliage. Of the rest, some is 
caught by the epiphytes and parasitic plants that clothe the limbs and 
trmks, or by the ferns and mosses and seedling plants, and the thick coat- 
ing of humus, the decayed logs, and fallen leaves that cover the floor, where 
it is held in suspension till evaporation takes place. And here it may be 
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remarked that in the regions in which there is the greatest amount of pri'- 
cipitation nature has provided, in the thick turfy mould, as well as in the 
denser growijh of Iho ferns, mosses, &c., a proportionately greater vehicle 
for the absorption and retention of the moisture. A considerable quantity 
of the water sotiks into the soil, to be taken up as it is required by the 
roots of the growing trees, or to filter down to supply the springs that 
feed the head-w'aters of the streams; while the remainder — but a small 
portion of what has left the clouds — trickles gently down to the nearest 
outlet. 

The removal of the forest quickly changes all these conditions. The 
first thing to happen is the erosion of the surface. No longer held back 
by the vegetable growth, the storm-water flows ofl! the hillside like rain off 
the roof of a house, carrying awav the ashes of the bm*nt timber with what 
is left of tlie rotted humus, channelling the lighter soil with frequent water- 
c'uts, and bodily removing the most fertile portions. Then, as the network 
of roots decay, landslips occur m the steeper places — it is not imusual for 
a whole hillside to slide away into a gully — when the debris will be swept 
down, scouring the bed and sides of the creek, and covering the land below 
with a deposit of rocks and clay. When the ground affected forms part 
of a mountain district of large area, in which the creeks have a long course 
and several branching confluents, it often happens that the dSbris from a 
side creek or blind gully will form a temporary dam in the bed of the main 
stream. If this occur while heavy rain is still falling, a lake is immediately 
formed by the water from the hills above ; and before long the obstruction 
carries away, when all the mineral detritus, together with the wreck of the 
ruined forest, is borne down by the foaming torrent to spread destruction 
below. Just such a catastrophe occuri'ed among the Tokatea Eanges in 
1882, when every bridge in Coromandel was carried away and kauri logs 
were stranded in the main street. 

The most destructive floods occm when the water from an elevated 
region has to traverse a level country before reaching the sea, and the longer 
the course the greatei is the damage. The floods which inundated the 
City of Paris in December last year (1909) are a cas^ m point. The water 
was supplied liy the unseasonable melting of the snow on the lofty plateau 
of Langres, when* the River Seme takes its rise ; but the fact that much 
of the plateau had been recently cleared of forest caused the water to run 
down much more quickly than it would otherwise have done, when the 
winding channel through the level country was unable to carry it off. 

An instance more familiar to most of us is that of the groat floods that 
took place in the Hawke’s Bay and Palmerston districts in 1893, and again 
two or three years later. Phenomenally heavy rains had fallen along the 
watershed inland and down to Cook Strait. Every creek and river was 
flooded to an unusual height, and where, as in the Hawke’s Bay District, 
a wide extent of level country intervened between the hills and the sea 
the samo thing occuiTod as that which happened in the valley of the Seine. 
Rivers left their beds and cut new channels through the plains ; from Napier 
to Wanganui roads and railways were cut through, and bridges and 
culverts were swept away; stock was drowned; and farms and town- 
ships were laid under water. People said that the height of the flood 
was unprecedented. Possibly it was ; but there is no doubt that the un- 
unusual height was in a great measure due to the increasing extent of clear- 
ing on the high lands where the rivers have their origin. 
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As time goes on. phenomenal floods will occur again, and former records 
will be beaten : for as the hills become more denuded the floods will become 
proportionately more destructive. It would be wise, therefore, for the 
Napier people to take warning from past experience, and make more ample 
provision for the egress of the w’-ater from the lagoon into which several 
large rivers discharge themselves, as it is quite within the bounds of pos- 
sibility that it mav cut its way through the lower portion of the towmship, 
or perhaps carrv away the harbour-works at the Spit. 

(2.) Erosion and Silting. 

Erosion and siltmg generally go together, and either one or the other 
happens according to the velocity of the current in a river-bed. When 
the course of a river is steep, and the soil is of a soft or friable nature, the 
water in the proportion of its volume and velocity scoops out the bottom, 
and the excavation works back until it reaches a substance of sufficient 
hardness to be resistant, when a waterfall or permanent rapid is formed. 
But as the inclination of the bed becomes less the flow of the stream is 
retarded, and the substance that has been brought down by the current 
tends to settle m the bottom. In flood-time, however, large masses oi stone 
are swept down, and by grinding against the rocks in the sides and bot- 
tom, as well as by mutual attrition, they are rounded into pebbles, becoming 
smaller and smaller as they travel along, imtil they wear down into gravel, 
and eventually into fine sand, which is carried in ripples along the bottom. 
Meanwhile aU soft rock, clays, and earthy matter are quickly resolved into 
mud. When the bed approximates so nearly to a level that the rate of the 
current is less than 6 ft. per second on the bottom, then the river is no 
longer able to shift the solid material, and only the impalpable particles 
of mud, which may be almost said to be held in solution, arc carried along. 

This is the process known as “ silting,’* and it is easy to see that the 
quality of the silting must entirely depend on the character of the river- 
bed and of the nature of the material brought down. 

When the bed is short and steep and the incline is continued to the 
coast, the hulk of the silt is carried down to the sea, and no harm is done 
unless the mouth of the river be situated in a harbour, when, of course, 
trouble may arise from the shallowing of the water. 

It is when a flooded river traverses an alluvial plain that the silting 
does most damage. The dehris brought down by the head-waters must 
find a lodgment somewhere, and, as the current loses its velocity on reaching 
the level country, it is no longer able to bear its burden along. The silt 
therefore lodges on the bottom, and the bed gradually rises until the water 
is forced over the banks. Then the water breaks away and cuts a new 
channel for itself, which in time fills up, and the same thing happens over 
again. 

Numberless instances oi this process are found in many parts of both 
the North and the South Islands. Wherever, as in Hawke’s Bay, Canter- 
bury, &:c„ the allu\ual plains are backed by a mountainous country the 
surface is often torn away, the laud is scored in every direction, and the 
fertile soil covered with a deposit of stones, gravel, and slime. A notable 
instance occurred during the great Napier flood of 1893, already men- 
tioned, when the Eiver Ngaruroro left its bed, and, joining with the Tutae- 
kuri, cut its way through the road and railway to the sea. 

A foolish tradition has prompted local governing bodies and private 
ovmers in many places. to plant the river-banks with willow-trees, with 
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the vic^y of piotcctiiig thorn af^aiiist tho soour of the cui’rent But the 
scheme generally defeats its own ob]cet, and is often the cause of much 
mischief, which, moreovei. is not always confined to the locality in which 
the pldiitinii takes plai'o. Boonor or later, (^specially if the river is a rapid 
one, and runs thiouuh alluvial country, the trees are undermined and swept 
down until they are caught by some obstruction or tiro stranded in some 
shallow place. Hero they intercept the silt and the floating debris that 
(*omes dowm with every Hood, and an island or dam is formed, which drives 
the cmTent into the banks, or even compels it to seek a new cbanuel. In 
the Lowei Waikato tho obstruction of the willow islands has caused the 
bed of the river to silt up to such an extent that in many places the level 
land on the banks is flooded every Tvdnter, and the Township of Mercer is 
frequently under water after a few days’ heavy rain. 

It may be asked whether the damage done by the willow-trees has any- 
tliiiig to do i\ath the subject of this paper, which professes to deal with 
tho efEect of the disappearanco of the forest. The answer is that if tho 
forest had not been K^moved tlie damage done by the willows would bo 
comparatively trifling — if, indeed, it would have been considered necessary 
to plant them. But, as 1 have endeavoured to show, it is the removal 
of the forest that is directly responsible for the growing violence of the 
floods, and therefore for the increasing amount of silt and floating detritus, 
which tho willows intercept. 

There is another aspect of the silting question that must not be over- 
looked — viz,, tbe formation of river-bars and the siltiiig-up of harbours. 
All the mineral dibris, stones, gravel, and mud that are carried down by 
a stream are inomediatoly deposited on the bottom as soon as the current 
ceases to act, which it does on reaching the sea, and here it forms a bank 
or shoal, which is augmented by the sand or other material which the sea 
washes on to it. If tho river falls into landlocked water the finer particles 
held in suspension are carried out into the stream, and drift up and down 
With the tide until they are precipitated wherever there is least cun*ent. 
In many river-mouths, estuaries, and harbours the efiect of the wholesale 
forest-clearing is already being severely felt. Of late years, unless where 
temporaiily scoured out by a fresh, there is less water on many of the bars, 
while in some of the shallower harbours — euj,, those of the Thames, Coro- 
mandel, <fec. — the wharves have had to be lengthened and the buoys on the 
shoals moved further out. One of the most fei-tile sources of harbour-silt, 
and one not generally taken notice of, is the fine dust that is formed by 
the action of the sun on the bare hills, and washed by the rain into the 
(*reeks. This is, doubtless, one of the principal factors of the extensive 
mud-fiats so frequently found in landlocked waters. 


(3.) Dryimpu-p of Streams. 

So far 1 have dealt only with the evils caused by water in excess ; but 
it can also be shown that the removal of the forest involves trouble in the 
opposite direction — viz., in the diminution of the supply when it is most 
needed. 

The volume of a stream is derived from two sources — ^the first consist- 
ing of the water that flows directly off the surface, and the second of that 
which comes through the ground. Bouh of these, of course, are originally 
supplied by the rain. 
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Though var}’iiig \'eiy much according to circumstances, the underground 
supply is perhaps very much greater than is generally supposed. In per- 
meable soil, especially if the -watershed be fairly level and the surface 
protected by bush, there is a constant percolation into the ground, and, 
except ill the case of a very heavy rainfall, by far the greater portion of 
the water goes through the earth before it finds its "way to the river-bed. 
Even in hard rocks, underground streams, starting originally in some fault 
or fissure, -wear for themselves well-defined channels, when, after running 
sometimes quite considerable distances, they emerge in the form of springs 
about the head-waters and sides of the creeks. It is by this underground 
supply that the average volume of a river is maintained. But if the bush 
has been removed, and nothing but a hard, bare surface remains on the 
watershed, then the rain, as before mentioned, runs ofE at once ; and, 
unless the ground be of a very porous nature, there is no water left to feed 
the underground supply, and the river is starved. Unfortunately, in many 
extensive forest-areas the land is of clay or papa rock,” both of which 
are almost impeiwious to water. Little or no percolation can take place, 
and practically the whole of the rain runs off as soon as it falls on the 
ground. The consequence is that in wet weather we have a succession 
of floods, and in dry weather a dwindling streamlet, or even an empty 
watercourse. On a small scale this sequence of cause and effect may be 
seen in the ^ creeks that bring such trouble to the grazier and the dairy- 
farmer ; while on a larger scale it may be witnessed in some of the small 
river-ports, where for weeks — or it may be for months — ^tbere is not suffi- 
cient w'ater to clear the channel on the bar. 

(4.) Fennanent Loss of the Bush, 

It may seem rather a superfluous statement to make, that one of the 
results of the removal of the forest is the loss of the bush. But it is well, 
perhaps, to consider, before it is too late, how much the statement involves. 
The European and American forestry regulations, so often quoted, which 
pro-yide for the judicious thinning-out and the gradual removal of the fuU- 
grown trees, and so on, cannot be made to apply to the forest of this 
country. No single tree once removed from the New Zealand bxish can 
ever be replaced, while to attempt to ‘‘ thin out ” the New Zealand bush 
is to condemn it to immediate destruciion. From a scenic point of -view 
the loss also is incalculable. The Ne-w Zealand bush has grown up under 
conditions which, once removed, can never be restored. Favoured by 
special climatic conditions, undistiyrbed by the presence of any ruminating 
animal, the bush, with its patriarchal trees, its wealth of uiiderwood, its 
profusion and variety of epiphytes and climbing plants, has attained a 
richness and beauty probably unequalled, and certainly not surpassed, 
in any part of the world. In a block of kauri in the Auckland Museum, 
measuring 8 ft. in diameter, the Curator, Mr. Cheeseman, counted no less 
than 466 concentric rings, each ring representing a year’s growth. But 
the tree from which the block was cut was only a sapling compared with the 
giants of 10 ft., 12 ft., or 14 ft. which have been sacrificed for milling-timber. 
Thousands of yearn mnst have been required for their growth. How many 
tho-usands more it must have taken to evolve the conditions necessar}’’ 
for theix existence it would be vain to attempt to guess. With a 
amount of care a specimen tree may be grown away from its natural sur- 
To u n d i ng s. A kaun, a rimu, or a totara will make a very handsome object 
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in a park or garden. A selection of ferns and orchidaceous plants can be 
nursed up under artificial shelter, but who can restore what is at once the 
park, the garden, and the conservatory ? Untold ages have been required 
to produce it ; and once it has gone it has gone for ever. We may make 
fair imitations of an English forest or an English coppice. With our genial 
climate we may introduce variety by means of subtropical plants : but 
by no combination of elements, however beautiful in themselves, can we 
ever hope to r(*produee the peculiar charm of the New Zealand bush. 

Extent of Damage. 

In the foregoing pages I have given a few typical instances of the damage 
that has already resulted on the removal of the forest. The facts I have 
adduced have either come under my own observation or are those of whose 
authenticity there can be no question. But the damage is going on all 
the time, and over the w^hole of the Dominion ; and, as every year then* 
is a wider area of cleared land for the elements to work on, it must ever}" 
year be more widely spread. The climatic changes, the growing intensity 
of the winds, and the more marked extremes of temperature, might pass 
uimoticed, or might be accounted for by some imaginary meteorological 
disturbance ; but no one who travels a few miles outside of our cities can 
be blind to the changes that are taking place on the surface of the country. 
In the papa land to the south-west of the Main Trunk line, and extending 
to Taranaki and Wanganui, very serious damage from landslips is every- 
where following the advance of settlement. The same thing is occurring 
to an alarming extent in the soft limestone country along the cast coast 
to the north of Gisborne ; while in the mountainous district inland of 
the East Cape every hillside is scored with landslips, some of which are 
hundreds of feet high and many acres in extent. The same thing is taking 
place in the old kauri-workings on the Coromandel Peninsula, and in many 
other places too numerous to mention. Everywhere from Mangonui to th(* 
Bluff, more or less, according iu the nature of the country, the land is 
slipping away, the surface is being eroded, and the rivers silting up at a 
rate and on a scale that no one would have believed possible a few years 
ago. 

The Futukb. 

Looking forward to the future, one is tempted to ask whether there 
is any prospect that Ihe evil will ever be checked. Reafforesting and 
the protection of river-banks are, of course, the two remedies that are most 
needed. The former is being undertaken to a certain extent by the Go- 
vernment ; but the area on which it is possible to operate is quite insigni- 
ficant compared to the extent of land that is suffering ; while, in regard to 
the protection of river-banks, it is an art that is not yet understood in this 
country, and one which, moreover, would be far too costly to undertake 
on any general scale, though a good deal might be done in special cases, 
such as that of the Ohinemuri River and the Lower Waihou. Speaking 
broadly, the trouble must go on and increase in the open country. There 
is no fWlity about a landslip, and for many years to come the rivers will 
wander at will over the alluvial plains, while erosion and silting will go on 
as before. Neither is there any hope that the residue of the standing forest 
will remain intact. Land must be provided for settlement, and so long 
as there is a demand for timber the trees will be cut down ; and once the 
timber-trees have been removed the rest of the bush, as already shown, 
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will quickly dibappi'av, hi a very few yeai*b tlie kauri and the totara will 
be exhausted, and the riniu and tlie kahikatoa, tlie black-birch, and the 
inatai will not last for (n-or. At the present moment, owing to the rising 
price of timber, trees that a lew years ago would liave been considered 
inaccessible are being brought to market, while busht‘& that would have 
been looked upon as worthless in the past are now being worked for any- 
thing that will cut up into a plank or <\ pii'ct' of scantling. All this tench 
to the more rapid denundatioii of the country, followed by the climatic 
and topographical changes abeadj^ described; and, as in America, in the 
>Scandinavian Peninsula, and elsewhere, as the pulp industry follows thi* 
sawmill, once the larger timber has become exhausted, so doubtless it will 
he before long m New Zealand, and then the deforestation, with all its 
disastrous consequences, will become more rapid and complete. 

It is satisfactoiy to notice that there is a dawming improvement in public 
opinion on this matter. ScveiMl well-timed articles liave lately appeared 
in the newspapers of the Dominion, amongst which was a most thoughtful 
and logical exposition of the subject in a series of papers by Mr. .T. P. 
Grossman in the xYcic Zealand Graphic, since reprinted under the title of 
The Evils of Deforestation.” The Government also secerns to be waking 
up to a sense of the importance of conserving some of the remnant of the 
forest before it is too late. And quite recently the Under-Secretary for 
Lands, Mr. W. 0. Kensington, in reply to a criticism of the policy of the 
Department in mthholding from settlement certain lands on the Wanganui 
watershed, very wisely pointed out that, unless the forest in that locality were 
rigidly protected, the famous ** New Zealand Rhino,” not only as a beauty- 
spot but as a navigable river, would soon be a tiling of the past. While 
all this is very satisfactory, it must be remembered, as I pointed out in a 
former paper, that reservation must be more than reservation on the map. 
To be of any practical use reservation must be made with a barbed-^vire 
fence, as, if cattle and pigs are allowed to enter, the fire will follow sooner or 
later, and the end wdll begin. The folly of neglecting this simple expedient 
has been amply exemplified in the Taranaki Mountain reserve, the Wai- 
takerei Ranges, and in the Waipoua Kauri Forest, whore much of the bush 
has been destroyed. 

But while we have a right to demand from the Government such a 
protection of the public interest as is involved in the conservation of such 
portions of the existing forest as may be consistent 'with the interests of 
settlement, as well as in xhe reafEorestation of the open land when such a 
measure may be practical and desirable, a great deal of good might be 
effected by private enterprise. In the neighbourhood of Melbourne it lias 
been noticed that the hot winds and dust-storms, that are such a disagi*ee- 
able feature of the Victorian climate, have lost mucli of their fierceness 
since the suburbs have been planted ; while in the Waikato all old settlers 
are agreed that since the plantations of Pinus insignis, poplars, &c., 
which are so conspicuous in that district, have grown up the frosts have 
of late years not been nearly so severe as they were. 

If legislation is to be invoked in this matter it might be well to consider 
the advisability of making it compulsory, in certain areas, for every land- 
owner to plant and keep under timber a certain percentage of his holding. 
♦Such a measure would not only be of incalculable benefit to the country 
at large, but would be of very material advantage to the settler himseff, 
as experiment has already proved that there is no more paying crop than 
a plantation of timber-trees. 
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In endeavouring to demonstrate the <‘fiect of the wholesale dostruetion 
oi the New Zealand bush on the climate and on the topography ot the 
country, and to show that these effects arc far more productive of evil than 
ol good, I do not pretend to have started any new or original theory. The 
science of forestry, the influence of standing timber on climate, and the 
action of running \v,^ter are perfectly well understood in many parts of 
the world. In France, Germany, Austria, Switzerland, Sweden,' and Nor- 
way, and many oth<n* European coimtries, stringent regulations on the 
subject are in operation, and ha.ve long since justified the wisdom of their 
enactment. Even in the United States of America it is coming home 
to the people that the '' forest primeval ” is neither boundless nor inex- 
haustible. Congress has abeady wisely provided for the setting-aside out 
of the public domain some 70,000 square miles of valuable forest land, 
With the view of protecting the streams and perpetuating the timber-supply 
in the western States and Territories ; while at the present moment a 
scheme is under consideration for acquiring by purchase the whole of the 
Southern Appalachian Mountains, a district containing no less than 12,000 
square miles, or over 7,000,000 acres, in one block, for a forest reserve. 
It would be w’’(il if we in New Zealand were to follow the example of other 
<*( untries. But so long as we S(‘e the stream of logs coming down the rail- 
way or coming up th(' harbour, so long as the distant hills appear to be 
clothed with bush, and so long as our timber companies are paying a good 
dividend it is probable that no very earnest or systematic action will be 
undertaken. We fail to notice that the logs are getting smaller and smaller 
all the time, and we do not perceive the gaps in the sky-line of the hills, 
a sure indication that the liush is ahroady far on its way to destruction. 

It is my earnest hope that by a plain statement of the case, based on the 
experience and observation of over forty years, spent more or less in the 
bush, public attention may be aroused to a sense of om* loss before the loss 
has become altogether irretrievable. 

In concluding. 1 should like to record my giateful thanks to Mr. James 
Nicholson, of Winhi, for much valuable information on some of the subjects 
treated. 
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Art. XLII . — The Platinum Gravels of OrepaJci. 

By R. A. Farquharsox, M.Sc. 

\It(/id hetovf the Otuyo histitute^ 2nd Auqubt^ 1910. \ 

With the dclveiit upon the world's arena of modern electrical apparatus, 
accurate methods of chemical analysis, and improved methods of sulphuiic' 
acid manufacture, the demand for platinum, both pure and alloyed, has 
gone up by leaps and bounds ; so much so, indeed, that the supply is falling 
short of the demand. ViTien we consider this, and also the fact that at the 
present time one country itself — Eussia — supplies over 90 per cent, of the 
world’s amiual consumption of the metal, it is at once evident that prices 
must rapidly increase, and platinum become an article of great commercial 
value. It li<is seemed ad\T:sable, therefore, not so much from a scientific* 
as fr'om an economic point of ^dew, to investigate the occmTence of the 
metal in !N’ew Zealand. In this investigation attention will, on account of 
the magnitude of the task, be necessarily limited almost entirely to Otago, 
though an accoimt wdll be given as complete as possible of its occurrence 
in other pai*ts of the Dominion. 

As far. then, as recorded obseivations go, platinum in New Zealand 
may, generally speaking, be said to occur as follows : (1) In Auckland 
Province, in two places ; (2) in Nelson Province ; (3) in Stewart Island ; 
and (4) in Otago, in two places. 

In Auckland the more notable of the two occuiTences may be de- 
scribed as follows : In 1882, while a shaft in one of the mines of the Thames 
Goldfield was being deepened from the 640 ft. to the 600 ft. level, a quartz 
vein was cut which was found to descend nearly vertically. It was also 
observed that the vein was impregnated with massive pjrrites, and, since 
it is a matter of common knowledge that gold frequently occurs in such 
sulphide ores, samples of the material were taken and assayed. In the fiist 
a^y, 200 grains of the crushed and powdered rock were taken, and these 
yielded bullion to the extent of 0021 grain. On parting the bullion in 
nitric acid, it was found to stiU retain its silveiy lustre and appearance, 
showing that some other metal than gold was present. {Several other 
assays of the stone were then made, from which varying values wei*e 
obtained, the highest being 0*776 grain from 400 grains of ore. This assay, 
on parting, was reduced to 0-126 grain, or equal to 10 oz. to the ton. The 
beads obtained from this succession of assays were then put together and 
qualitatively analysed. The results showed the presence of silver, gold, 
platinum, and iridium. 

In the continuation of this investigation the metal was found, by assay, 
in a large reef both at the 540 ft. level and the 600 ft. level, but in very 
much smaller proportions. Several pockets of tailings from the battery 
—the result of the emshing of this reef stone — were also washed, and the 
metal was got in the shape of minute grains accompan}dng the escaped 
gold. Tiewed under the microscope, the grains were usually rounded, but, 
curiously enough— and, indeed, quite anomalously— -many were found to 
take the octahedral shape, some being beautifully perfect crystals. Further 
investigation into this occurrence is going on at the present -time, and some 
interesting facts will no doubt be shortly brought to light. 
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This occurrence, of course, has a rather important bearing on the 
liistory of platinum-deposits. As will be seen in the sequel, the vast 
majority of occurrences of the metal are in detrital formations, and 
usually all attempts to trace the metal back to its original habitat have 
failed. Here, however, we have an actual case, borne out both by assay 
and by chemical analysis, of the metal found to all appearances in situ, 
and, further, in a quartz vehi. The latter point also is remarkable, for 
there seems to be a general consensus of opinion amongst those who have 
given most time to the history of the occurrences of the metal that its 
original habitat is an igneous rock. The rocks may vary from acidic to 
ultra-basic in composition, but hitherto, despite the fact that Edison in 
America, and Roscoe and Schorlemmer, have shown that the metal occurs 
in rocks and reefs more widely than is thought, the occurrence in a vein 
must be regarded as extraordinary, the only previous occurrences of a 
similar nature being those at Tilkerodc, in the Hartz ; at Minas Gerraes, 
in Brazil ; at fSanta Rosa, in Columbia : at Beresovsk, in Russia ; and 
at Broken Hill, in New South Wales, though the latter is a peculiar form- 
ation, differing from the others in that it consists of the gossany outcrops 
of veins in a country rock of schists, gneiss, and quartzites. 

Of the second occurrence in Auckland very little is known. All that 
can be found with reference to it is that about the year 1885 J. A. Pond 
reported to the Auckland Institute the fact that the metal had been found 
at a place called the Wade, situated about sixteen miles due north of Auck- 
land 'hty. The rock in the immediate vicinity of the discovery consists 
entirely of d very dark serpentine, probably derived from the decomposition 
of some ba ic or ultra-basic igneous rock. 

We shall now pass on to the second occurrence — namely, that in Nelson 
Province. In the north-north-west of Nelson, just inland from Massacre or 
(tolden Bay, there occurs a series of momitain ranges. A brief description 
of the country from a geological point of view is essential to the proper 
understanding of the deposits. The following section illustrates the s^^ries 
just mentioned 
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Applying this section to an ordinarj^ map of the north of Nelson, we 
see that the western shores of Blind Bay hrom Separation Point to the 
mouth of the Motueka River consist of granite flanked by gneiss. Pro- 
ceeding from the granite, we find on the top of the Pikfidrunga Range 
hornblende-schist intercalated with crystalline limestone. These ^ges con- 
tinue westwards as far as the Takaka Valley, where they are intercepted 
by hornblende-porphyrite and serpentine. Gfaniet-beaiing mica-schist con- 
stitutes the highest peaks of the Anatoki Mountains, wlnle further to the 
west we have clay-slates or phylHt^. The Aorere Valley and the Haupiri 
Range belong to the clay-slate zone, and the Wakamarama Range also 
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lionsieta of slates. It is tho Auatoki aud tte Haapiri Eanges which contain 
the matrix of the gold and other metals found in the district. As Hoch- 
otetterf admirably puts it, The gradual denimdation of the mountains, 
continued throughout countless ages, has produced masses of detritus, which 
were deposited on the declivities of the momitains in the shape of con- 
glomerates, and ill the river-valleys as alluvial gravel and sand. In this 
process of deposition, carried on under the influence of running waters, 
nature herself has effected a washing operation, during which the heavier 
particles of gold contained in the mountain detritus collected themselves at 
the bottom of the deposits, and close to their source, so that thev can now 
he obtahied by digging and washing.’' 

Such, then, is a brief outline of this district. The foimations (alluvial) 
m d fferent parts are geologically ahuost exactly similar, the only difference 
being, o course, iii the composition of tho alluvium. For convenience, 
however, it is found advisable to diride the alluvial district into three 
parts — the Aorerc Diggings, the Parapara Diggings, and the Takaka Dig- 
gings. Of these, the one we are most intimately concerned with is the 
latter, the Takaka. ts position is indicated in tlie foregoing section. A 
reference to it shows that the diggings occur on the eastern slope of the 
Haupiri and the Auatoki Eanges, and they comprise principally the three 
chief branches of the Takaka River. A section through a typical gold- 
bearing area appears as follows : — 


^ • T*S.. . ® 


Fm. 2 . 

iT, Cia;^ -sUt© or becl-ioc*k. ft. Aurift rou** conulomorate. i . Alluvial sand. 


The conglomei*ate may be cemented by a ferruginous cement, or may 
be quite uncemented, only loose sand lying between the boulders. The 
'ormations, therefore, do not differ at all remarkably from those ordinarily 
associated with gold^eposits throughout the South Island, and especially 
in Otago, where the formations are commonly known as the “ auriferous 
drifts.” They have, however, one outstanding peculiarity which marks 
them off from all other gold-deposits except those we have yet to describe, 
and that is the occurrence in them of osmiridium and platiniridium in 
small grains of a tin-uhite colour. These occur with the gold in conjunction 
with mgnetite, numerous garnets, and titaniferous iron-ore (ilmenite). 

It is quite remarkable that though, as has been said, these aturiferous 
gravels arc geologically similar in the district described in Nelson, and 
though wasting has bsen carried on. for instance, in the Aorere Valley 
for a long time, yet no occurrence of platinum or its alloys has up to the 
present been recorded in any other area in Nelson than the Takaka. This 
would tend to show that there is probably some peculiarity in the Takaka 
surroundings ihat is absent from the other areas examined! 

* Tho alH>vo section U taken from Von HochstetterV '■* Kew Zealand," p. 102. 

t Von Hoch'^tetter, loc. n7„ p. 104^ 
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A discussion of this point, with a probable explanation of the pecu- 
liarity, arrived at by comparison of this area with the platinum-bearing 
areas throughout the world, will be given when we come to investigate 
the occurrence of the metal near Orepuld, in Otago. 

As far as Nelson is concerned, then, it appears that the metal is 
found in what, as far as the evidence goes, must be regarded as the 
commonest method of occurrence — viz., in placer or detrital formations. 

As will be seen later on, in Russia the metal is got most abundantly 
from the alluvium at the base of the Ural Mountains, alluvium which has 
been produced exactly as the Nelson alluvium has been — i.c., through 
denudation and the sorting-action of water. In Columbia, British Columbia, 
Brazil, United States, Burmah, France, New Caledonia, and Tasmania the 
mode of occurrence is exactly the same, so that, in all these countries, to 
arrive at the original matrix of the mineral we must first trace back the 
boulders and detritus to the parent rock. 

Of a nature almost exactly similar is the occurrence of platinum in 
Stewart Island. Sir James Hector, in the Transactions of the New Zea- 
land Institute” (vol. 2, pp. 185, 371), reports that small flat grains of a 
steel-grey or silver-white colour have been found associated with the gold 
m alluvial deposits in the island. Nothing further, however, is known 
.ibout this occurrence. 

We come now to the occurrences in Otago, of which there are two. The 
less important of the two is that reported from the Gorge River, on the 
west coast, near the celebrated Milford Sound, in Fiordland. This locality 
is remarkable owing to the presence with the platinum of that peculiar 
nickel-iron mineral awaruite. In appearance it is not unlike platinum, 
and was mistaken by the miners for that metal An analysis of it runs as 
follows : — 


Nickel 

Cobalt 

Iron 

Sulphur 

Silica 


Per Cent. 

67-63 

0-70 

31-02 

0-22 

0-42 


Both the metal and the awaruite occur in a district composed almost wholly 
of serpentine and dunite. The awaruite has actually been found in the 
beiyentine. From this, therefore, it would appear, as Professor J. Kemp 
points out, that the platinum and awaruite are excessively basic segregations 
in basic igneous rocl^, the dunite specially being ultra-basic. 

Occurrences of a similar nature, in which awaruite occurs with tlic 
platinum, are reported from California, Oregon, and British Columbia. 

There still remains for consideration the second occurrence in Otago; 
but, as most of our investigation deals with this occurrence, it will be suffi- 
(*ient here to remark that platinum has been known in Otago for some 
seventeen or eighteen years, but to such a small extent was its value recog- 
nized, or so great was the ignorance of the miners who came into contact 
with it, that it was not until about eight years ago that efforts were made 
to collect or save it. Up to that time it had been almost contemptuously 
thrown away. 

The first recorded occurrence was about the year 1888, when a miner 
searching for gold found some ounces of it at the mouth of the Waiau 
River. The occurrence created very little stir at the time, and the miner 
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even so little valued what he found that Ik^ gave most of it away* 
No further notice was paid to the metal till it began to be saved from the 
tailings in hydraulic sluicing. The locality from which most of the Otago 
platinum is obtained is in and around the Township of Eouiid Hill, in 
Southland, almost due east of Orepuki, though it has also been obtained in 
small quantities, with gold, along the beach from the mouth of the Waian to 
the Orepuki Beach. 



Fig. — Glolo<,i< vt. 'Mw t»r ikl Hiii Gold Platinum Uisrun i. 

emht nuU-‘ to an inch.i 

The above, in conjiuiction with the occurrence on which this paper is 
based, is a fairly complete account of all re»‘orded occurrences of the metal 
in New Zealand up to the present time. 

I shall now proceed to an investigation of the occiu*renee at Round Hill 
and Orepuki, In this investigation it is my intention to treat the subject 
from the point of view of (1) the physiography, (2) the geology and the 
petrography, of fhe country ; and, further, to endeavour to trace the metal 
to its original source. 

The accompanying map illustrates the district as a whole, geologically 
and topographically. 



F vl^Q^IIARso ^' — The Platnnuh Qrareh of Oiepul'i. 


463 


General Geology. 

Having aot a general outline of the geographical characteristics of the 
eountrv, we are now in a position to devote some little attention to its 
general geology. As will be seen from the accompanying geological map. 
the geological masses we have found represented are six in number — viz., 
(1) Kaikoura formation, (2) Oamaru formation, (3) Pleistocene, (4) basalt, 
(5) granite. (6) m(‘laphyre. 

As is iHually done, we shall begin with the oldest, the Kaikoura 
formation. 

Captain Hatton, when Provincial Geologist of Otago, in 1872, gave in 
his paper on the geology of Otago a description, on general lines, of the 
structure of the west of Otago, which wo think it will be highly advisable 
to make use of here. “ The whole of the District of Southland,"’ he says, 
“ is included in an inclined trough of Palaeozoic and Secondary rocks, the 
major axis of which lies m south-east and north-west direction, rising to 
the north-west where the rocks are thrown up and close the upper end of 
the trough. The lower end, towards the Mataui’a River, is open. The belt 
of Palaeozoic rocks that forms the rim of this trough runs from the Umbrella 
Mountains on the north-east, round by the Takitimu Mountains and Long- 
wood Range on the west, and passes into the Bluff Hill on the south-west. 
In its folds are enclosed large masses of Secondary rocks The south-west 
edge of this trough has been broken down in several places, and Tertiary- 
rocks have been deposited indifferently on both the inside and the outside 
and overlapping its edge. These have in their turn been largely removed 
by denudation, and replaced by immense deposits of gravel and silt.” 

From this it will be seen that a section across the major axis of the 
troxigh taken in the district ^dth which we are at present concerned may, 
as it actually does, appear as follows : — 


Lons Punc2 
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Vl 1 tiufl 7 ha\<‘ tli(‘ trough, inside at / ami outside at »/• Slate*?. 

7 au<l /. Tertiary rocks. 

The Kaikoura formation of Hutton is a part of the Upper Palaeozoic 
period, and is also a part of the Te Anaii series of Hector, classed in the 
Upper Palaeozoic also. It is represented in the district by the Longwood 
Range and its outskirts (see mapj. Roughly speaking, then, it comprises 
all that part of Southland extending from near the easteni bank of the 
Waiau to near the Ponralduo River, and from the head of the range to 
the sea-coast. 

The rocks consist principally of clay-slates and grey sandstones or 
quartzites. According to Sir James Hector, who reported on the district 
in 1864, and whose paper appeared in the Quarterly Journal of the Geo- 
logical Society ” in 1864, these rocks consist of indurated shales with cal- 
careous sandstones : but an examination of them leads us rather to support 
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Captain Hutton. The quartzites are grey in colour, and consist of rolled 
quartz grains of fair size, with only very subordinate feldspar, united by a 
clear cement, which is of the nature of a crystalline outgrowth from the 
grains. Moreover, the indurated shales of Hector are probably little more 
than the clay-slates of Hutton. The general strike of the beds is south-east 
and north-west. No fossils have been found. 

Associated with these rocks are rather numerous intrusions of igneous 
rocks. These have been recorded by several observers. Hutton, in the 
paper above referred to, says that associated with the Kaikoura sandstones 
are dykes of diorite. Hector, in his geological map of Otago (in 1864), 
has diorite rocks shown at such places as Oraka Point, Pahia Hill, and 
Wakapatu Point. Further, in the l^cw Zealand Mines Fecord, vol. 3, ap- 
pears the statement that the Longwood and Takitimu Mountains consist 
partly of a massive development of diorite and syenite in mountain masses 
and in strong intrusions among sedimentary foimations. 

An examination of the district confiims these statements to a certain 
extent. Three distinct types of rock have been identified by me. These 
occur as giant intrusions, for the term dyke,'' usually associated with 
minor intrusions, very incompletely describes these. The outcrops of 
diorite at Oraka Point. Pahia Point, and Wakapatu Point, mentioned by 
Hector, but not mentioned by Hutton, were confiimed ; and, further, 
another distinct outcrop W’as noticed on the edge of the beach near Orepuki 
Township. Further, the whole district extending from Orepuki inwards and 
from Pound Hill along the base of the Longwood as far as Colac Bay was 
also found to consist of this same rock. Whether the outcrops at the 
points before mentioned are just branches of this one great intrusion or 
not, it is hard to say, for the outcrops cannot be followed up on account 
of the bush : but it seems extremely iSkely, 

As this diorite rock forms the whole rock-mass of the Pound Hill dis- 
trict, we shall defer any further consideration of it till wc come to describe 
the minute geology of the Pound Hill Claim. 

In addition to the diorite outcrop, two intrusions have been observed 
by us. It is a remarkable fact also in this connection, that, though both 
^ James Hector and Captain Hutton have separately examined the coun- 
try under review, neither of them has observed either of the two intrusions 
mentioned below. 

A reference to the map will show that both outcrops occur on the 
eastern flank of the Longw-ood Pange, and consist of (a) mclaphyre 
and (6) granite. It is to he noted, however, that Hutton in several places 
spealm of rocks which he calls argillites.” Also, these he says occur in 
the Kaikoura formation in various places, and he defines the term "" argil- 
lite ” as a name given to a rock formed from thick beds of clay that have 
undergone a sufiScient amount of metamorphism to obliterate the lamina- 
tion, while it has not been suflScient to induce any signs of foliation. 

Further, argillite, he says, is much jointed in several directions so as to 
break into irregular rhombohedra. Now, this melaphyre is a rock bluish- 
green in colour, and with none of the appearance usually associated with 
igneous rocks ; no minerals can be identified in hand-specimens, and no 
cleavage-surfaces are anywhere evident. Also, a rough jointing is some- 
times seen in it, probably a relic from the days when it was an undecom- 
pos^ basalt. It is just possible, therefore, that what Hutton calls an 
argillite may be here, at any rate, a melaphyre. Whatever may be the 
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/ase, kowever. uo mention heretofore ha*s been made of a i^ranito. We 
«>hall therefore describe each in detail. 

The melaphyre has riie appearance in hand*spocimens above outlined. 
It occurs very prominently round the coast towards Colac Bay from Eiver- 
ton, and extends back into the Longwood Range for some distance, until 
it appears to thin or pinch out, as in the map. The actual boundaries of 
rhe mass, or the junction of it with the main rock of the range, have not 
been made out with any accuracy, owing to the great difficulty of follow- 
ing the rock through the interminable bush. From what could be gathered 
from miners, however, as well as from a consideration of the rough direction 
at Riverton, it is thought that the position in the map is fairly accurate. 

The rock is very tough, and splinters with more than usual difficulty, 
much like some close-grained phonolites. It does not seem to be act^ 
on by denuding agencies with any great rapidity, and is fairly hard. 

In section, the most noticeable feature on looking at the slide is the 
large amount of decomposed material. Li this decomposition not only is it 
the feldspars that take part, but the olivine too is almost all serpentinized. 
The minerals seen in the section are — 

Plagioelase , — This forms several phenocrysts in the section examined, 
and. judging from the extinction-angle on — i.c., at right angles to — ^tho 
brachypinacoid, which varies between 25® and 30®, the mineral is mostly 
a basic variety of labradorite gradually passing into bytowidte. The 
crystals show the albite lamellar twinning very well, for some of the pheno- 
ciysts are not so decomposed as others. Combined with the albite the 
pericKne and Karlsbad twinning occurs, but rather rarely. Besides the 
phenocrysts is an abundance of very fine lath-shaped feldspars forming 
a great portion of the groundmass. These are all semi-decomposed, form- 
ing, like the phenocrysts themselves, patches of calcite. 

Olioine . — ^Very few patches of this mineral have been identified with 
certainty. Its place is almost always taken by yellowish-green masses 
of serpentine and other products due to the weathering of the mineral. 
In those which have been identified the mineral is quite without crystal 
outline, exhibits the usual cracks, and is usually surroimded with the 
serpentine border duo to decomposition. The form appears to have been 
rounded, or in some cases oval, and the mineral is usually quite colour- 
less. Here and there occur patches of what appears to have been olivine, 
but nothing now is left except a mass of material like calcite, showing 
pecidiar radial extinction. 

Augite . — This is remarkable as being the only essential mineral which 
has resisted Ihe weathering-agents. In hardly a single case does the augite— 
at any rate, in phenocrysts — appear at all decomposed. It occurs in roughly 
rectangular forms, is usually pale in colour, and here and there shows 
a lamellar twinning. The forms represented are the orthopinacoid, the 
base, and rarely a dome. The extinction-angle is high, being usually over 
30® in the prisnciatic zone. Where decomposition has set in the products 
are mostly chlorite, yellowish-green in colour. The mineral occurs as it 
does in most basalts, in two generations. The groundmass appears to 
have been studded with small grains of the mineral having the characters 
of the phenocrysts, but in a more advanced stage of decay. 

Besides these essential minerals there occur small grains of magnetite 
and rather numerous crystals of apatite in long acicidar crystals. Their 
further characters cannot, however, be made out. 
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With regard to its structure, the rock belongs to the holocrystallin<» 
class of basalts, for, while there is a fair amount of isotropic materia) 
present, this is due to alteration and not to the presence of glassy mattoi . 
Further, the order of crystallization of the various constituents is not well 
marked, the mutual relations between the augite and feldspar wnth regard 
to priority varying considerably. No ophitic structure has been ohsers^od. 

Turning now to the granite, we see that, in hand-specimens, it is of a 
white colour, rather fine-grained, with i)ronomiced orthoclase differinu 
very little from white in colour, and pronounced quartz crystals. The 
ferro-magnesian mineral is biotite, but is unusually rare in occuiTence ; 
the rock, therefore, resembles in appearance some specimens of ditroit(^ 
without the blue colour of the sodalite. 

In section, the rock is seen to be made up mainly ol quartz, orthoclas(‘, 
and biotite. The quartz occurs in large plates without crystal outline, en- 
••losing in some cases fluid pores, which arc arranged in lines. Occasion- 
ally the quartz occurs fixed into the interstices between feldspar crystals, 
‘'howing probably that the mineral crystallized after the feldspar. 

The orthoclase also occurs in large plates, but, miHke the quartz, is ubuallv 
^emi-decomposed to foi*m kaolin. Karlsbad twinning is usually to be seen. 
In addition to the orthoclase, several crj-stals of microcline and ohgoclase 
nre to be seen. The microcline shovrs the peculiar cross-hatched appear- 
ance imder crossed nicols, and the oligoclase, of which a considerable 
amount occurs in the rock, shows both Karlsbad and albite twinning 
lamellation. A very well-marked zonary banding has also been noticed 
in the orthoclase. 

The hiotite occurs in small plates with ragged outlines and no distinct 
terminations. It exhibits strong pleochroism from light yellow” to deep 
brown, and has almost straight extinction, and is ver}” susceptible of altera- 
tion. The latter produces a green coloration, and in places a green chlo- 
ritio pseudomorph with pieces of magnetite. Its inclusions arc rare, and 
consist mainly of magnetite and pieces of apatite. No accessory minerals 
have been seen. 

The structure is that characteristic of all plutonic rocks — /.c., h 3 ^idio- 
moxphic — only a minor proportion of the constituents developing their 
external forms freely. The normal order of the crystallization has also been 
obeyed : the biotite and magnetite have first ciystallized, then the feldspar, 
iind lastly the quartz with microcline, though the oligoclase has probabh* 
]>rec6ded the quartz. 

The next geological formation wo must discuss belongs to the Miocene 
period in New Zealand, and, more particularly, to the series called by Captaii^ 
Hutton the Oamaru and Pareora series. The strata belonging to this series 
Hutton, in the report on this district above refeiTed to, has seen fit to sub- 
divide as follows : (a) Brown-coal formation ; (6) Oamaru formation proper. 
We shall deal with these separately. 

(a.) Brown-coal Formation , — The main body of this occurs skirting round 
the Wairaki Hills, but another small patch is also found on the south-west 
side of the Longwood Range at Orepuki, and for a short distance on both 
hid^ of the Waimeamea River. As Hutton remarks, it never rises to great 
altitudes, but occupies portions of old valleys scooped out of Secondary and 
Palaeozoic rocks. The Orepuki occurrence has roughly the shape of a tri- 
imgle, with an area of about one and a half square miles. The seam is 
exposed only in water-races, in w'hich some difficulty was experienced in 
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measunn» the thickness. According to some of the miners who have 
worked on the races, the thickness is about 15 ft. The formation is at a 
height of 200 ft. above sea-level, covered by dark, tough shales, with a 
door of brownish-coloured shales, and with a covering of soft green sand- 
stone. These shales contain leaves of dicotyledonous plants, which have 
noc yet been identified with any degree of certainty. As the formation 
nears the beach the coal has been washed away, and its place has been taken 
by a thick deposit of sands and gravels of Pleistocene age. Associated 
with these Pleistocene gravels are also beds of lignite, some of which can 
he distinctly seen on the sea-cliffs. This lignite is muddy and very poor, 
and has nothing whatever to do with the brown-coal formation. A section 
through this Orepuki occurL*ence appears as follows : — 



u Soli sAinUtone, with h. Browu-coal roi*mation (Oamaru;. 

r. Slates (Kaikoura). 

(6.) Onnuh'u Formation , — A reference to the map shows that in the dis- 
trict this formation has a comparatively large development. Leaving out of 
account the Orepuki portion, we may describe it thus : Beginning in tho 
southwest corner, to the north of the Pleistocene deposits, it stretches to 
the northern boundary ; then aw^ay to the oast ; crosses the Waiau River 
.ibout the neighbourhood of Clifden. ^vhence u, narrowing tongue extend-* 
uejrly to the mouth of the river ; extends to the eastern boundary aftei 
skirting the outlying northern spurs of the Long wood Range ; and finally 
pinches out ]Ubt above the Jacob’s Estuary, on the border of which Riverton 
IS built. The basaltic formation of Mount Pleasant stands surrounded by it. 

Vie^ved on a large scale, the strata seem to be nearly horizontal, but 
iising slightly to the north. The rocks arc almost wholly composed of 
''belly limestone or calcareous sandstones. The limestone is in places verj' 
tobsiliferous. The following fossils have with certainty been recognized : 
flemipatagua jormosm, Waldhemia lenticular is, Terebratula gualteri, Pecten 
hochstetteri, Pecten pohjfnorphoides. Others have been found, but their 
identification is nob yet complete. It will be seen that several of these 
fossils are identical with those found in the limestone formation of Oamaru, 
m Otago, and at the Weka Pass, in Canterbury. These fossils characterize 
the oldest Tertiary and marine beds in New Zealand. 

The limestone, which at places forms cliffs 30 ft. high on the banks ot 
the Waiau, is not pure, averaging usually between 60 and 70 per cent, of 
(^aO. 

Sir James Hector, in a map of this district prepared in 1864, considers 
this formation as belonging to the Pliocene period, and describes it as u 
Pliocene marine tertiary. Undoubtedly it is marine, but the occurrence 
of the fossils just mentioned would assign it rather to the Miocene than to 
the Pliocene. 
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Finally we shall consider the Pleistocene deposits. These are almost 
entirely ^avel deposits, the only exception being the fairly lai’ge formation 
occurring to the west of the Waiau Eiver and boidering To Wacwae Bay. 
The foimations are composed of beds of sand, cla}, and sliinglc, A\ith oc- 
casional seams of lignite in the lower portions. These lignitev> are usually 
poor ; occasionally well-presen'cd trunks of trees are found in them, aijd 
a well-marked vegetable structure is often seen ; sometimes they contain 
resin, like the coal in places at Nightcaps. 

ITie low land on the west of the Waiau is also composed largely of gravel, 
and consists of a fairly flat plain, interrupted here and there by small hillocks, 
which give to it an appearance very like that presented by a peneplain. 
The valley of the Waiau Eiver, too, in its upper portion is said to be strevTi 
with fragments of gneiss and greenstone, along mth other eruptive locks. 

The gravels all along the coast from the Waiau to Jacob’s Estuary arc 
all referable to this period. They are usually, however, covered over by 
silt and surface soil. Their origin is probably due to the spreading-out by 
the sea of the detritus brought down by the rivera. 

Such, then, is the general geology of this district. The followng sections, 
together with the one pretdously given showing the relation of the Long- 
wood to the geological structure of the south-west of Otago, serv^e to 
illustrate the main features just outlined : — 
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Fig. 7 . — From North up Moxtnt Pleasant to the Sba-coasi. 

a. Oamaru formation. 6. Basalt, c. Palaeozoic slatos. d- Granite, c. Mclaphyre. 

/, Gravel plain. 


It will be interesting before conciudmg, to compare the districr with 
that of the Coromandel Peninsula, in Auckland. One cannot but be struck 
with the similanty on broad lines between the two. We have seen that the 
Longwood district consists of a mam central ridge running north and south, 
with spurs given ofi on all sides, and the whole densely wooded. The main 
axis, or what might be called the base, consists of Palaeozoic slates. These 
are pierced, as we have seen, by dykes consisting of diorite, melaphyre, 
and granite. On each side of the axis come younger rocks of Tertiary age. 



iMiigLiTAiibON . — The Tlatinum Gftirels of Orepxiki. 


469 


Look now at the Coromandel district. It also consists mainly of a 
mountain-ridge running nearly north and south, with numerous spurs, and 
all densely wooded. The base or bottom of the structure consists of Palaeo- 
zoic slates, which are also pierced by dykes. The latter are composed of 
trachyte, and what was originally called by Captain Hutton a diorite, and 
what has since proved to. bo in some cases a dolerite and in others a mela- 
phyre. Further, the older formation forms the centre, and younger form- 
ations of Tertiary age form the outskirts. Brown coal also occurs in the 
peninsula in places, resting unconformably, as in the Longwood, on the 
older slates. 

In addition, it may be remarked that quartz veins occur in the Coro- 
mandel, and they also occur on the south-eastern slopes of the Longwood. 
(4old, too, is found in both localities. 

A bimilarity is also to be noticed with the structure of G-reat Barrier 
fbltind, north of Cape Colville Peninsula. This, as Captain Hutton points 
out ^New Zealand Geology Reports, 1868), consists of a base of dark-blue 
siliceous slates, penetrated here and there by dykes of quartz-porphyry 
and what he calls a diorite, ])ut which may be of similar character to the 
diorite ol the Coromandel dykes — «.c., either dolerite or melaphyre. 

There is, however, a marked difference in the associated volcanic rocks 
m the two districts. In the Longwood district the only volcanic rock is 
the basalt already described, but in the Coromandel district hypersthene- 
andesites were first erupted, and these w^ere followed by large outpourings 
of rhyolites characterized by the presence of tridymite. The andesites 
arc evervwlieve older than the rhyolites. 


Round Hill District and Claim. 

General Appearance. 

It Will be seen that the country to the north consists of Round Hill 
and two chief ridges. Round Hill has a barometric height of 1,120 ft., 
. Old the ridge> of approximately 700 ft. and 800 ft. respectively. Between 
the Hill and the first ridge there is a gully, down which the Rurikaka 
Stream flows. Between the first ridge and the second occurs a steep- 
aided gully, down which flows in a rapid stream the main branch of the 
Ourawera River. Between the second and the third ridge occurs another 
similar gully, down whicli the other branch flows. A. rather similar 
succession goes on all round the lower spurs of the Longwood Range. 

In a southerly direction from the Rurikaka a rather peculiar knob is 
foimd, bordered on the far sid<‘ from Round Hill by the Ouki Stream, th(‘ 
!>ed of which is flatter than that of the other streams above it. From this 
stream, both on the east and on the west side of the district, a more or leas 
gradually rising slope occurs, extending on the west towards Pahia and on 
the east towards Riverton. 

It will thus be seen that the Ourawera River flows in a kind of obtus<‘ 
V^-shaped hollow, rising rather abruptly to the north, and sloping gradually 
from the base of the ridges to the sea. On each side the land rises fairly 
rapidly, but more so on the east than on the west, and the slope increases 
as we go towards either the north-west or north-east. Thus the greatest 
height of the land on the west side (with the exception of the knob pre- 
viously mentioned) is about 800 ft., while on the east side it may rise to 
700 ft. 
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The Township of Round Hill is between 250 ft. and 300 ft. above sea- 
level, the claim itself, occurring as it does along the eastern bank of the 
liver, being about 200 ft. to 230 ft. above sea-level. 

From the bottom end of the claim the land is almost quite flat on all 
sides, and it is on this flat plain at the base of the spurs that Lake George 
IS situated. 

The whole district is densely wooded ; even Round Hill, though a trig, 
station, is covered with trees of miusual height. In the course of oui* in- 
vestigation, realizing the importance of Round Hill as an obsoivatorv, 
we made an excursion to the top. 

The Ourawera, we could see, has now reached its base-level of corrosion 
in that portion which extends from the base of the ridges to the coast. Its 
action now is one of erosion — i.e., that gradual eating-away of its banks 
to form ultimately a more or less flat plain. The deposits, therefore, now 
being formed from the river are those got from the denundation of the 
rocks and soil in the neighbourhood. 

The bank on the west side is gradually sloping at once from the bed 
of the river, but on the east side there is a rather steep cliff from the 
bed, about 20 ft. to 30 ft. high, and extending almost the whole length of 
the claim. This has been formed probably from the sluicing which has 
been going on for a considerable number of years. 

Of the coast-line, all that need be said is that it has characters exactly 
similar to the bed of the river from the east side. The land ends in a cliff 
of about 10 ft. to 30 ft. high, and is flat from there inland. The beach is 
very flat. 

General Physiography of the Neighbourhood of Orept’ki. 

If we look at a detail map of the Province of Otago, and especially of 
the southern portion of it, we cannot but be struck with the almost un- 
interrupted growth of bush which prevails as we go westwards from Inver- 
cargill to Orepuki, Almost from Invercargill itself to the water’s edge on 
the west coast there extends a continuous stretch of forest of the very 
densest description. Not only does this occur near the coast, but for miles 
and miles inland until the Waiau River is reached, and if a clearing is met 
one finds it due only to the indefatigable labouis of some prospectors on 
the look-out for gold. 

It is at once seen, therefore, that any examination of such a district 
is fraught with more than ordinary'' difficulty. Even at the present time, 
in spite of the fact that the railway-line to Te Tumutu has been open for 
more than twenty years, in spite of the fact that there is still a large in- 
ducement in the Dominion for the extension of the sawmilliiig industry, 
and in spite of the fact that the district has proved to be moi'e than ordi- 
narily auriferous, the means of locomotion are restricted to 1 ridle-tracks, 
bush-tracks, water-races, and sawmill tram-lines. Decent roads arc quite 
unknown in the district until w'e get as far north almost as Nightcaps. One 
cannot wonder, then, that the information in regard to this district is very 
meagre ; nor can one wonder that what information there is, geological or 
otherwise, is more or less of a contradictory character Even in my own 
case, though I had the advantage of tracks, water-races, and tram-lines 
not to speak of a guide or two possessing a feir knowledge of the country, 
my path was far from easy. \Mien I consider, therefore, that Dr. Hector 
and Captain Hutton made a survey of the country, the former in 1864 and 
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the Utter only a little later, I can see how very difficult it must then 

hare been for them. 

While the above remarks aie applicable to the whole of the western 
and sonth-westom pait of the Bouthland County (except, of course, the 
alluvial plains of the Waiau), they are especially applicable to the district 
which wc have under investigation. This is bounded on the west side 
by the meridian of 167*^ 30', on the south by Foveaux Strait and Te Wae- 
wae Bay, on the east by th(‘ meridian of 168^^, and on the north by 
the parallel of latitude 45°. 

The physiographical features can be classified conveniently as follows : 
(1) The mountains, (2) the plains, (3) a lake, and (4) the rivers. 

The mountains of the district are represented by (a) the Longwood 
Range and its offshoots, and (h) various isolated peaks. 

The Longwood Range consists of the main ridge running almost due 
north and south, and tapering at the northern extremity to a single peak 
called Bald Hill. The average height of the ridge is about 3,000 ft., and 
its breadth at the widest part is about four miles. From both sides of 
the range extend about five or six parallel spurs, which slope gradually 
down to the plains at the bottom. At the lower extremity of the range 
there are also several diverging spurs, and to the most westerly of these 
the name of Round Hill has been given. The whole range, including the 
spurs and the valleys, is very densely wooded, and, except for some water- 
races and a sawmill track or two, is practically virgin forest, with trees 
on an average about 50 ft. high. In contradistinction to most of the ranges 
of Otago, the mountains of this one are not rugged. Their summits are 
rounded, and they altogether present an appearance more like hummocks 
than mountain-peaks. 

It is hardly necessary to state that the range constitutes the chief water- 
shed of the district, the main river-system having its origin entirely in the 
Talleys which everywhere occur on the flanks of the ridge. 

Various isolated peaks occur on the extreme north-west of the district, 
but these do not attain any size, the highest being only about 1,000 ft. 
high, and composed entirely of a Pleistocene gravel formation. 

Other isolated peaks occur, jutting out into the sea south of Orepuki 
and along the coast as far as Riverton. They also nowhere attain any 
considerable size, and are always completely covered with bush ; but they 
give the country a rather peculiar appearance, and, in conjunction with 
the plains which are always associated with them, they are strongly 
suggestive of the idea that the district has been submerged comparatively 
recently. More wdll, however, he said vith regard to this later on. 

Let us now turn to the plains. Generally speaking, the whole district 
between the Longwood Range and the sea-coast all around consists of one 
densely wooded plain. In fact, it is quite remarkable that the whole of 
the south-east coast of Otago from the mouth of the Mataura River to 
ten miles west of Waiau, Preservation Inlet, on the south-west coast, is 
extremely flat ; nor does it begin to rise until a distance of more than thirty 
miles from the coast is reached (the only exception to this being in the case 
of the district between the Lon^ood and the coast, where the range is 
distant only about five or six miles from the sea-beach). Further, too, a 
consideration of the soundings round this part of the coast shows that the 
slope continues gradual for some considerable distance under the sea-level. 
This plain consists, as far as can be made out, of a gravel formation, the 
pebbles being such as would be brought down by the rivei— i.c., more or 
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less rounded, smooth, and only in rather rare cases flat. This plain looks 
therefore, much like one of fluviatilc deposition, such as occurs in Otago, 
in the Waikato district of Auckland, and, according to some authorities, 
in Canterbury. Further evidence and opinions as to its origin will appear 
later on. 

’A continuation of this plain is fomid east of the Longwood, intersected 
here and there by streams flowing from the range. The most pronounced 
ui character, however, of all the plains is that formed by the Waiau River. 
This river during nearly all the latter half of its course flows between 
banks composed partly of pebbles and partly of limestone or calcareous 
sandstone. For a distance of two miles in some places, in others three, 
on eithei side of the river flat alluvial land extends, passing gradually into 
a series of hilly spurs, and from there to the moimtaiiis. It is this flat that 
constitutes the W’aiau Plain. It is verj^ wide at the mouth (about a mile), 
and gradually tapers backwards, but it extends for many miles up the 
river, and south of Lake Manapouri the land is so flat tluit marshes have 
been formed. £\’idcntly it is a plain of fluviatile deposition, the uniformity 
of surface being produced by the deposition of gravel and silt as the fall of 
the river has diniiiushed. Pronounced teiracos have been seen in places 
on the banks, and, since the flow of water is so great that these could hardly 
have been formed by changes in the course of the river, it is legitimate to 
assume they are due to a small elevation of the surrounding district, especi- 
ally as the depth of the river is very considerable. 

No other plains worthy of mention occur. 

The rivers must now be considered. These are : (o.) The Pourakino, 
which rises amongst the easterly spurs of the Longwood, flows generally 
in a southerly direction, and after a rather tortuous course empties itself 
into Jacob’s Estuary near Riverton. It is chiefly interesting on account 
of the gold-washing that goes on near its source and as far as the point 
where the river enters the plains. (6.) The Ourawera, which, rising in the 
southerly spurs of the Longwood, flows due south, and, -mik a tributary 
from Lake George, enters Wakapatu Bay. It is along the course of this 
river that the gold and platinum grains are found which form the basis 
of this paper, (c.) The Ruiikaka River, which has its source near the 
base of Round Hill, and, flowing in a south-westerly direction close past 
Pahia Township, enters Foveaux Strait, (d.) The Waimeamoa, which, 
having its soiuce on the western slopes of the range, with a tributary system 
very like that of the Pourakino, flows in a south-westerly direction across 
the plain, and after a remarkably tortuous course across the flat country 
enters Te Waewae Bay. (e.) The Orav^ia, a tributary of the Waiau, may 
also be taken as a separate stream. It takes its rise in the comparatively 
hilly country to the north of our northern boundary, flows also towards 
the south-west, and after a tortuous course joins the AVaiau opposite Bald 
HiU. 

In the case of the last three rivers — ^viz., the Rurikaka, the AVaimeamea, 
and the Orawia — and to some extent the AVaiau, which we shall describe 
next, it will be noticed that they faU very conveniently into the classifi- 
cation (adopted by Professor J, 0. Russell in his “ River Development ”) 
of streams which have their source in mountain-ranges and flow across 
broad plams to the sea. Such streams may be divided, he says, into three 
divisions — the mountain tract, whore the streams flow impetuously in 
narrow depressions; the valley tract, where the stream widens and is 
bordered by flood-plains; and the plams tract, where the grade is still 
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more gentle, and the stream meanders in broad curves tb’ough alluvial 
lands of its own manufacture. 

With the three streams above we have the mountain tract pronounced, 
followed by a more or less pronounced valley tract. The plains tract is 
very evident, being shown by the complicated meanders of their courses. 
1 similar course is followed by some rivers in the North Island, especiallv 
the A\ anganui. Tliis river, coming from the plateau of the centre of the 
mainland, flovs in its lower portion through flat plains which quite recently 
(in the Pliocene) \voro 1)ereath the sea-level. Complicated meanders are 
thus produced, and m this case, as in others, lakes are in process of forming 
by the erosive action of the waters on the banks. This action is especiallv 
to be seen in the case of the Orawia and Waimeamea. 

It is usually understood that rivers acquire complicated meanders ni 
their com*ses comjraratively late in their period of existence. The work 
which a river unceasingly carries on is the bringing of its bed to its bas'i- 
levol of corrosion, after which the slow erosion of its banks begins. But. 
while this is true in most cases, it is not always true. As Professor Russell 
points out, a similar phenomenon may be witnessed with oven young rivei*s 
when the land through whicli they flow has recently been raised from 
beneath the sea, and, as vdll be shown afterwards, it is probable that such 
has been the fate of at least some of the coastal part of the district. 

Finally, the Waiau River has to be considered. Easily the largest of 
the Southland rivers, this notable river has a discharge of about 1,130,000 
cubic feet of water per minute, or two-thirds the amount of the Clutha 
River. Though broad and deep, it is, oven when flow^g across the plains, 
unfortunately too rapid for navigation. Unlike most rivers, it starts away 
as a large river from, not a hillside, but from the southern extremity of 
Lake Te Anau, the largest lake of the South Island of New Zealand. After 
rushing swiftly over eight or nine miles of large boulders between high 
banks it enters Manapouri Lake, From this it emerges at the south-east 
comer, to be joined ahnost at once by the Mararoa, itself a good-sized river. 
Some fifteen miles fuiiiher on it receives the water from the Monowai Lake 
and the Himter Mountains, and thenceforth, with a rather tortuous course, 
it flows in a southerly direction to empty its waters by several mouths int<> 
Te Waewao Bay. 

In addition to these features, a lake occurs in the district midway 
between Wakapatu and Colac Bay. Lake George, as it is called, is only 
about 100 chains long and 60 broad. The depth is in no case more than 
16ft., and this fad, together with the marshy nature of the surrounding 
land, gives the impression that it is either a relic of a former depression or 
is due to depression actually in process. It is supplied by a small xinnamecl 
spring from the lowest spurs of the range. 

Of the beaches which occur along the coast all that need be said is that 
they are unusually flat. At OroptJci the beach at low tide extends for 
fully oO yards along the sand to the margin of the water. ♦ 

Gkolooy op the Claim. 

It has already been remarked that the whole district extending for 
about two miles from Orepuki Township into the Longwood and along the 
base of the range about Round Hill to the edge of the coastal plain 
consists of a mass of diorite, ^^ossibly as an intrusion. This rock forms 
the base or bed-rock of the claim, and therefore calls for close attention. 
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An examination of the rock confirms Captain Hutton’s description of 
it. It consists, in hand-specimens, of whitish feldspar and crystals of 
black or dark-green hornblende showing prismatic cleavages rather pro- 
minently. Occasionally, as is common in all igneous masses, parts of th<^ 
rook are finer grained than others, and the rock then has a slightly lighter 
green colour. On exposure to the weather the feldspar is very soon acted 
upon, disappears to a great extent, and leaves the rock with more or less 
rounded crystals of hornblende projecting from it, and with an external 
appearance not unlike the nephrite coating seen, but very rarely, on a 
troctolite.* The rock is exceedingly tough, and very prone to decom- 
position, so much so that when a fresh suidace has been exposed for about a 
year a more or less thick scale of decomposed material can be taken off. 
A fresh surface shows very fine cleavage surfaces of hornblende, and w'hen 
the feldspar is not so prominent as usual the rock has almost the appear- 
ance of a pure hornblende rock. The feldspar usually has a faint greenish 
tinge, probably due to the proximity of the green ferro-magnesian mineral. 
After weathering has acted on it for a considerable time, as with the rock 
under the alluvial deposits of the claim, the hornblende becomes almost 
pea-green in colour, studded with white specks of decomposed feldspar. 
Ultimately a clay, bluish-green in colour, and of the consistency of putty, 
results. 

Examined under rhe microscope in section, the rock may bo said to exist 
in two varieties — {a) one in which hornblende is plentiful to the exclusion 
of augite, (6) one in which much augite is present. 

The (a) variety- consists of plagiof*lase and hornblende almost wholly. 
The plagioclase is usually quite fresh, and shows very pronounced poly- 
synthcfcic twinning after both the albite and periclme laws. Karlsbad 
twinning was also seen in one or two sections. From the extraordinary' 
number of lamellae and their marked development we should infer that 
the feldspar was very basic, A determination of the feldspar proved this 
conclusively. In the determination, as usual, a section was selected cut 
nearly perpendicular to the lamellae. This was to be recognized by the 
fact that the illumination of the two sets of lamellae was almost equal when 
the twin-line was parallel to a cross-wire. Several measurements of the 
extinction-angles were taken, with the result that the angle w'as fomad to 
be about 35® (or 55® J. The feldspar, then, is an almost pm’e anoithite. 
That this is the case was also proved by an analysis of the rock, in which 
it was found that, while the amount of lime was very high, the amount ol 
potash was exceedingly low’ (see later). The rock, therefore, is lather ex- 
ceptional, for the general rule is for the feldspar to vary between oligoclasc 
and labradorite. Inclusions are in some cases numerous, consisting of 
fluid pores and other kinds whose exact nature it was impossible to deter- 
mine, A striking peculiarity with regard to these feldspars is the presence 
in some sections of a decid^ bending of the lamellae. This bendmg, too, 
is not altogether restricted to the plagioclase, for a section has been seen in 
which the augite (or dialiage) seems to have been bent. This bending, we 
know, is a result of dynamic metamorphism, and it is probably here due 
to pressure subsequent to the solidification of the rock-mass after intrusion. 

% Hornblende . — This is uniformly green in colour in small plates, with 
usually no distinct terminations. Pleochroism is marked, from green to 
yellow. The extinction-angle varies betw'een 13° and 15° ; the plates are 


♦ It is seen very oonspicuously in ore from the west coabt of Otago. 
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usually elongated in the direction of the pinacoid faces. No twinning 
has been seen. The hornblende is often much altered. The more usual 
alteration consists in the development round the borders of the plate of a 
secondary outgrowth of the mineral, causing an apparent extension of the 
plate. Another typo not uncommon in the sections examined consists 
in a largo development of chlorite, which is distinctly pleochroic, green in 
colour, and veiy ragged in outline. No^v and again calcite and magnetite 
arc foimod in small quantities. 

The (6) variety consists of plagioclase, augite, and hornblende. The 
plagioclase has characters exactly similar bo those m the {a) type; the 
hornblende also much the same as before. The augite is rather peculiar. 
In some cases it seems to take the form of diallage, and with those cases m 
which it occurs to a large extent it would lead one to call the rock not a 
diorite, but either an augite-dioritc or a gabbro. The diallago occurs in 
large plates \\itli a more or less well-marked schiUer structure formed by 
lows of uiclusioiis, an extinction-angle of nearly 40*^, strong orthopinacoidal 
cleavage, and with no pleochroism. Tlie plates are also usually colourless, 
<ind the inclusions are often very niunorous. Augite as distinguished from 
diallage also occurs. This is without regular outlines, with an extinction- 
angle of 35° (approximately), and quite colourless in section. Alteration, 
a with the hornblende, is sometimes pronounced. The usual type of 
alteration is the development of uralito. This begins at the border of the 
plete, gradually extending inwards, and frequently a ragged scrap of augite 
is enclosed almost entirely by uralite. The latter has only a very faint 
pleochroism. In another typo of alteration chlorite is formed, and even 
calcite, just as in the case of the (a) type of rock. 

The structure of the rocks presents characters strongly suggestive of 
dynamic action. On first looldng at a section with crossed nicols one 
cannot help being struck with the crushed ” appearance of the rock. 
The whole section seems to be composed of a mosaic of small plates of 
feldspar and forro -magnesian mineral placed in a curiously disorganized 
manner. The appearance is exactly the same as the granulitiz«ation seen 
sometimes Jii granitic masses, and is probably duo to the same cause— 
i.e,, ciushing of ihe rock-mass after consolidation, 

li^ometimes there is an appearance very like the groundmass seen in 
quartz-porphyries that are holoerystalline — namely, a very small mosaic — in 
this case consisting of altered hornblende or augite and little plagioclase plates. 

An analysis of the rock riuis as folio w’s : — P^.j. 


SiO, 

FeO 

AlsOj 

CaO 

MgO 

K 3 O 

NagO 

HgO 

Fe^jO^ 

MnO, 

TiO/ 


47-40 

6-60 

18-17 

12-23 

7*17 

0-20 

2-75 

0-75 

5-42 

Trace. 

Trace. 


Note . — In this analysis the CaO was determined volumetrically with 
Iu^n 04 standard solution. This was the method followed by the analysts 


of tnbs^ral^ limestone at Funafuti, and it certainly seems neater and just 
as accuifato^as the other way. On fusion of the powder with the fluxes 
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a groenifeli tinge wab noticed, due, ot coui&e, to MnOg, but the quantity pre- 
sent 'was too small to be ^Yorth tabulating. The TiOg 'was determined 
by the rolorimctiic method, but the quantit}' picsent was very minute, 
being also not worthy ot tabulation. 

W. C. Eroggci. in his Das Ganggefolge des Laiudalits/’ has given 
several ditgu^ms of locks based on their chemical composition, or, rathei. 
what Professor Washington, in his Quantitative Classification of Igneous 
Rocks,’' (alls ‘‘molecular proportions.’"' A consideration of the above 
analysis vill show — (a) u percentage of silica which is exceptionally 
low — even too low for a diorite, hut quite usual for a gabbro : (6) a very 
large percentage of CaO and AI2O3, and at the same time an exception- 
ally low one of potash; this shows, as has been previously shown from 
the extinction-angle, that the feldspar in the rock is almost wholly a nearly 
pure anorthite: (c) a rather high percentage of total iron and a truly 
high percentage of FcgOa. It may he remarked that a more than ordinary 
amount of black magnetite grains were found in powdering the rock, and 
an examination of a section shows that magnetite sometimes occurs to 
considerable extent. 

Professor Washington, in his “ Chemical Analysis of Igneous Rocks,’' 
gives (p. 286) the analysis of a hornhlende-gabbxo which rmis as follows 

Per Cont. 

.SiO, . 19-80 

A1,0. . .. .. .. . 19-96 


— The analysis is marked A211, so the results can be relied on. 

Comparing this with the analysis of the rock in the claim, we see that, 
except for the low pei'centage of FeO in the former, these analyses agree 
very well. The claim, therefore, placed as nearly accurately as possible, 
will have the following position in Professor Washington’s scheme of classi- 
fication : “ Class II. Dosaijln’E. Rang 4. Docalcic. Hessase.” 

It will 1)0 noted from the foregoing that the rock will be more accurately 
classed as a homblende-gabbro or simple gabbro than as a diorite, though 
the latter name was given to it by Captain Hutton and Sir James Hector. 

Considering now this rock only as fat as regards the claim, we find 
above a series of strata of which a typical exposure is illustrated in the 
following section 


Bi^-rockofiahbm 


; ^lignite 
? . • . Sandstone 
. * SZUgnite 

\ \ Sandstong 

^ , ~Ugnite 

Sandstone 

(finer) 



Farquharson. — 77ye Flatinuni Graveh of Orepuki. 4:()7 

In this we see that, resting on the eroded sui'faces of the bed-rock, there 
IS iiTst a layer of sandstone and silt about 5 ft. thick, followed by a stratum 
of lignite of about the same thickness; after this comes another stratum 
of sandstone, then a layer of lignite, and so on. Three distinct seams of 
lignite separated by beds of sandstone are to be seen. Above all is the 
clay, or in places the artifi<*ial tailings. The geology, therefore, of the claim 
is very simple. The sandstone on the bottom is usually fine, interspersed 
here and there with small pebbles. Sometimes fairly large pebbles of gabbro 
are found. 

The lignite above is poorer in some places than in others, but generally 
speaking its value docs not amount to much. That tliis lignite has dnfted 
into its present position is shown unmistakably ])y the following ; (a.) It 
is usually muddy, the woody tissue being interspeised with pockets of fine 
silt, or sometimes very similar in appearance to a brownisli-blaok clay. 
(6.) Rounded pebbles of varying size, and consisting of gabbro, tire found 
111 it, more olten than not in th(‘ bottom of the layer, (c.) Prom* tree trmiks 
and blanches, consisting of miro, pine, and rimu, have been seen in it. 
{(L) An instance lias been noticed where a tree-trunk has a vertical posi- 
tion in it, [iiid the lignite has its layers bent up and around the trunk. 
Whether the trunk a<*tually grow as it has been found is not knoAvn, but the 
probability is that it was simply sticking out of an imderlayer, and a fresh 
deposit was fornu^d round it. (c.) The bands arc not coutinilous, but occur 
in some places and not in others, and often dovetail into the silt and sand. 
This w’ould tend to show the existence of ('urrent bedding. The sandstone 
above the bottom layer of lignite is much the same as that below it, but 
does not contain, as far as can bo seen, any pebbles. The tliickness of 
the sandstone layem varies between 5 ft. and 20 ft. The beds are of only 
local extent, occuiTing only in the hollow between the two sides of sloping 
ground. The lignite (to a very small extent) and the sandstone are auii- 
ferous, a fact which can bo shown in the case of the sandstone by a simple 
prospect with a shovel. No fossils of any kind have been seen., 

t\liat, then, is the origin of these foimations ? To answer this ques- 
tion, let us first suppose we have a coastal area like the Round Hill district 
midergoing submergence, while, of coarse, the land fui*thor in remains more 
or less statiojiary.* The fii*st effect of this is to increase the corrosive 
action of the streams. Since, however, the land is mostly bush-covered, 
the corrosion will not be very great, but the amount of vegetation brought 
down will be proportionately increased. Again, as submergence goes on, 
the sea will invade llic river-valleys, forming ultimately a bay or estuary, 
and it may extend even to some distance up the sides of the moiuitain-range. 
The water of the streams, charged wdtli detritus and vegetation, on meet- 
ing the comparatively calm water of the bay will be unable longer to retain 
the material in suspension, and it will be precipitated. The result is that 
at first a bar will be formed, but later on the bar will be flattened out. The 
strata in the bar vdll be composed partly of silt and paitly of 'woody material, 
according as the stream has brought more debris than vegetation, or vice 
versa. There will, therefore, be a tendency towards the formation of a 
flat plain, as the sea-action 'will round off all irregularities, and the slope 
will increase gradually inland. A succession of periods of flood will thus 
cause the formation of bands of silt, or vegetable matter mixed -with silt, 

♦ If depression all round took place, the corvoaive action would, of course, be di- 
minished. 
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or even in some cases nearly pure woody tissue, especially when the streams 
come from heavily bushed country. Again, as the land becomes more 
submerged, any ridges which may exist will be converted into headlands 
or capos, and in later stages oven islands may be formed. Beach-pebbles 
^^ill occur, ol course, but these do not necessarily ocem* at the maigin of 
the water ; indeed, in the case of a bay it is probable that the pebbles will 
1)0 deposited further out into the sea than in the case of open coast. 

Next suppose this area, once submerged, is gradually elevated. The 
headlands and capes and islands will increase in size, the detrital deposits 
will appear, and finally a flattish plain w'ill make its appeaiance, extending 
liet'v^’een the ridges and right up to the flanks of the lange. The corrosive 
action of the rivers will be lessened, and deposition will occur further up the 
rivers, tending to increase the extent of the plain. 

Let us now apply these principles to the district we are^concerned with. 
Its physiography is exactly similar to that in the case we have supposed. 
In the sea heyond the mouth of the Oui^awera occur small islands, and there 
are isolated peaks extending at intervals from Orepuki to Riverton. Be- 
tween these is a succession of flat plains, with a gently rising slope from 
the coast. At the locality of the claim there are the detrital deposits before 
mentioned, and the whole range is densely bush-covered. We can therefort^ 
suppose that at an earlier period in the earth’s histor}^ the coast hereabouts 
was depressed owing to continental oscillation or other causes ; that the 
hollow or roimded surface of the bed-rock of the claim formed an old river- 
bed down which a stream from the mountains carried at inteivals silt and 
vegetable growth, both together : that a bay formerly existed where now 
the Ourawera discharges its waters into the sea, and that a long arm of 
comparatively calm and shallow w'ater extended from the bay up into the 
river-valley. The stream then, on meeting the sea-water, would be com- 
pelled to precipitate the material it brought dowm, and the deposits of the 
claim would then he formed under the w^ater. 

The flattish coastal plain would also he foimed about the same time. 
Later on an elevation of the land took place. The Ourawera, bringing 
down its debris, would have its grade lessened,* and consequently would 
deposit the material higher up, and would enlarge the plain, besides covering 
its upper part vdth river-pebbles. The strata formed under the sea-w^ater 
W'ould now appear close to the base of the range. Bush would grow over all 
the plain, and the appearance it now pres'ents would be foimed. On this 
theory, the elevation cannot at present be completed, or there was a former 
much greater elevation of the land, which extended further out than it does 
at the present day, for, as we have pre^uously remarked, islands occur out 
in the sea just heyond the mouth of the Ourawera, and these are distinctly 
not volcanic. Further, the river must have been much larger than it now 
is, otherwise it could not have deposited such large masses of lignite as do 
actually occur — ^such as seams 5 ft. thick after compression. It is possible,, 
however, that it was assisted to some extent in this respect by wood washed 
along the former shore and banked up in the quiet bay. 

It lias been assumed that a submergence followed by an elevation 
occurred, or. rather, as the river-bed shows, first a greater elevation than 
now, then a submergence, f flowed by a smaller elevation than before, which 
latter may still be going on. 


♦With reference to the coajfstal district only; as before, the inner portion remaining 
Steady, or nearly so. 
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Proofs that the land was formerly much higher, especially in the south, 
are given by the following : (a.) The outlying islands have a fauna and 
flora very similar to that of New Zealand, and must have been connected 
to the niamland in late Tertiary times, (b,) The absence of older Phocene 
marine formations in both Islands, and the absence of nearly all Pliocene 
formations in the South Island: what Pliocene formations do occur are 
wholly gravels, which would naturally be foimed in the denudation of a 
niouiitain-rango. (c.) Further, the submerged valleys on the west coast of 
Otago, in the Sounds region, show that formeily the land was much higher, 
for if, as is most proliable, the actual shape of the bottoms as shown by 
soundings has l)cen caused by glacial erosion, it is evident that a great ele- 
vation must have once taken place. 

That a former subsidence of level in the South Island has taken place, 
probably in the Pleistocene, is shown by several miters. On the west 
<'oabt of the South Island, according to Dr. Hector in the Geological Survey 
Kepor’ts, 1866-67, comparatively recent sea-beaches or beach-terraces extend 
to more than 220 ft. above the sea. Mr. Dobson, another observer, has 
estimated these terraces at 400 ft. (Trans. N.Z. Inst., vol. 7, p. 444). At 
Amuri Bluff, on the east coast of Canterbury, there are three distinct ter- 
races, and Mr. McKay obtained Recent marine shells from the highest, which 
he estimates to be 500 ft. above the sea. These three terraces also appear 
further south. Further, a deposit of fine silt occurs along the east coast 
of Canterbury and Otago from Banks Peninsula to Moeraki. Its lower 
portions are stratified, but its upper ones are not. At Oamaru the gravels 
at its base contain large numbers of Recent marine shells, and the upper 
parts have yielded moa-bones. This silt goes to a height of 800 ft. at Banks 
Peninsula, and to 500 ft. or 600 ft. at Oamaru. Further, the entrance to 
the West Coast Sounds has been teiTaced to a height of 800 ft. above sea- 
level. Finally, the remarkable river-terraces found throughout the South 
Island all furnish collateral proof of a once lower level. It is to be noticed 
that these instances also show a subsequent elevation of the land, and it is 
quite possible that this elevation is still going on. 

The topmost height of the actual detrital deposits amounts to between 
400 ft. and 500 ft. It is quite possible, therefore, that the depression or 
submergence of which instances have just been given lowered the level of 
this part of the country also by 500 ft. The claim deposits would then 
easily be accounted for. 

History of thf I'laim and Platinum. 

It is in a district having the characteristics just described that the 
company at present called the Round Hill Hydraulic Wluicing Company 
has its working-area. The main facts about the claim and the discovery of 
platinum are as follows : Somewhere about the year 1880 some prospectors 
working in the neighbourhood came upon what they believed to be good 
alluvial gold. As usual, though the district was in a dense bush and without 
even the crudest means of outside commmHcatiou, claims were soon, pegged 
off in great numbers, and in a very short time a considerable number of men 
(about four hundred), mostly Chinese, were engaged on the field. For a 
short time the yield was decidedly good, but at last, despite great exertions 
on the part of the European part of the population (for the Chinese soon 
made off), barely enough gold could be got to pay expenses. Recourse was 
then made to hydraulic sluicing, by which, of course, the quantity of material 

washed ’’ would be enormously increased. A company was formed, with 
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a head office in Liveipool : the water-races formerly held by the individual 
miners were all bought over ; three elevators were soon put in working-order, 
and in 1891 sluicing on a fairly large scale began, and has continued up to 
the present time. Some idea of the extent of the field may be got when Wi* 
consider that up to 1898 the amount of ground worked by the company was 
33 acres, representing 2,100,000 cubic yards of material. The yield of gold 
for the same time has been 7,751 oz. 16 dwt., equal to a recovery of 1| grains 
per yard, or in value to 3Jd. per yard. The total length of all the races 
amounts to seventy miles, and the total carrying-capacity amounts to thirty- 
six Government heads of water. The elevators are capable of lifting to a 
height of 60 ft., and they elevate about 70 tons of material per hour. 

After sluicing had been going on for some considerable time, the 
manager, who is of a decidedly curious turn of mind, began to notice that 
after washing up he got, in addition to the gold, a small quantity of a 
silvery-white mineral in fine thin scales. Though somewhat struck with 
the discovery, he took no further notice of it mitil, having at length sent 
some to the Bank of IQew Zealand at Riverton, he was informed that it woh 
platinum, and well worth sa\nng. The bank agreed to give him £2 an ounce 
for it at first. After every subsequent wash-up, therefore, the platinum 
was separated from the gold by amalgamation and was sold, but it was not 
until about 1897 that any was saved at all. All record of the amount got 
from the field before this date is thus hopelessly lost. 

It has been estimated that the average annual \ueld of gold from tht‘ 
claim is now about 2.000 oz. The yield of platinum to date could not 
be got accurately, but we have been informed that an average figure 
representing the amomjt got from this locality alone is 150 oz. per year. 
This would make the total quantity saved to date about 1,200 oz., an 
amount which is probably in excess of that actually sold. 

It must not be supposed that this is the only place in the neigh- 
bourhood where the metal is found. We have abeady mentioned the fact 
that it was found as far hack as 1878 at the mouth of the Waiau, and it 
has long been known that it occurs on all the beaches from that river as 
hir as the Orepuki Beach. The quantity, of course, is small, and the scales 
minute and thin, but it evidently pays to collect it. After every severe stomi 
it is not an unusual thing to hear of miners prospecting the beaches for gold, 
and roturnmg not only with gold but with a fair quantity of platinum. 

An exantination i>f the gravel-deposits and the sand shows that the 
minerals most commonly associated with the metal are chiefly garnets 
and small grains of non-raagnetic or but slightly magnetic iron-oxide. In 
the claini ordinary strongly magnetic magnetite also occurs. 

It will thus be seen that the second occxurrence of platinum in Otago is in 
the alluvial plain of the Round Hill district, and to a smaller extent along 
the beaches from the Waiau to Orepuki. No records have been made of any 
occurrence on any other beach to the east, though it is quite possible that 
traces of it ma}- bo discovered, for the beaches as far as Riverton are more 
or less covered with ripples of ironsand, and this is especially prevalent 
with the platinum at Orepuki. 

Seeing that the platinum from the beaches is essentially the same as 
that from the claim, one description will do for both occurrences. The 
metal almost invariably occurs in the form of round or oval thin plates 
or leaves. Rarely we find small roimded grains, and it has been stated 
that crystals also occur. W. S. Hamilton, in a paper on the discover^" 
of these so-called crystals read before the ^uthland Institute in 1886 (seV 
Trans. N.Z. Inst., vol- 18, p. 402), says that he obtained from the Orepuki 
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sands several ciystals vhicli, to use liis ovn words, were miiiuto but tolerably 
perfect. The form was a square tablet, perfect on three sides, but irregular 
on the fourth. With regard to this, wc may say that, though we have 
examiued a considerable iminbor of scales and samples, no such form has 
been discovered, or, indeed, any appioaching to it, and, as it has nevei 
been mentioned since, the probability is it is a mere peculiarity arising 
from sea, river, oi pebble a(*tion. The scales are slightly magnetic, often 
of fair size, some liaving a surJace as large as that of a large pin-head. 
Usually the surface is covered viMi several intersecting seiies of striae. 

Search ha . been made in l)i. Reinhart! Brauns’s “Das Minerakeich,’" 
but nothing of any groat imponance was found, as far as the presen?- 
paper is concomed, on tlie sulqect of platinum. Following however, 
his example and that oi several other in\ estigatois, amongst vhom we 
may mention Professor J. F. Kemp, ve took a typical scale, and, 
after carefully polishing it, subjected it to an etching process In this 
the solutioir used vas a mixture of nitric and hydrochloric acids, 
and the strength of the etching-solution was systematically varied. The 
scale was fn st of all immersed in a solution of one pari; of aqua regia 
to eight of water, and treated carefully for a quarter of an hour. It was 
then washed and examined in reflected light. No alteration was, how- 
ever, found. The strength of the solution was then increased gradually 
from one part in eight of water to one part in two of water. With thfc 
solution, after heating gently for half an hour, etching was noticed, but to 
a small extent. Lastly, a solution of one part in one of water was used : 
the surface then became decidedly otchod, but no definite pattern was 
formed, so that it was not considered worth while to photograph it. This 
result shows that there can bo no mechanically included gold in the scale, 
for the gold would disappear with comparatively weak acid. It is also 
proved conclusively that the opinion expressed by W. S. Hamilton in the 
paper above referred to — that the striae are caused by the scale being built 
up of a number of smaller crystals — is without foundation. For if crystal- 
line structure wore present the etching would be sure to give cvidoiice of it 
in the formation of a definite pattern. 

Axalysis of the Metal. 

In all investigations into the occurrence of platinum in diflerent locali- 
ties an analysis is of impoi-tance from both an economic and a purely 
scientific point of view. The. composition of nuggets, grains, or scales 
has been found to be very different in different countries, and several 
general rules can be fomided on a comparison of the different results. It 
will be interesting and instructive, thoreforo, to compare our results with 
those already obtained by different investigators. The method adopted 
was a slight modification of the one devised by Deviile and Dcbray. 

The results obtained from the analysis of the platinum-alloy were as 


follow Per 

Platinum .. .. .. .. .. 74*61 

Iridium . . . . . . . . . . 1*30 

Palladium . . . . . . . . . . 1*36 

Rhodium . . . . . . . . . . 3*52 

Gold 0*39 

Iron . . . . . . . . . . 5*06 

Copper . , . . . . . . . . 0*15 

Iridosmine (osmiridium) . . . . . . 14-32 

Osmium . , . . . . * . . . Trace. 



m 


Transactions, 


Let us now compare these results with those obtained by Professor 
J. F. Kemp, as tabulated in his pamphlet on the ‘‘ Geological Relations of 
Platinum” (see Bulletin of U.S. Geological Survey, No. 193). Professoi 
Kemp has here collected the results of forty-two analyses of platinum b} 
various chemists, and has arranged them in a series of curves in which per- 
centages of platinum form the abscissae and those of other metals the ordi- 
nates. On examining the table and analyses it will be seen that, general!} 
speaking, there seems to be a kind of rule with regard to the amount of 
osmiridum present and that of the pme metal present, the one increasing 
as the other decreases, and vice versa. The same relation seems to hold 
in the case of the iron present. It will be noticed that on no occasion when 
the percentage of platinum in the alloy amounts to 70 does the amount ol 
osmiridium exceed 10*5 per cent., and that percentage occurs only in one 
specimen. Further, where tlie amount of osmiridium is relatively small 
the amomit of iron is fairly large, but where the osmiridium is in large 
quantity the iron falls very low. Thus i;sitli a percentage of IrOs (iridos- 
mino) of 6*36 the amount of iron is 15*58, but with 25 per cent, of IrO^ 
the iron falls to 4*30 per cent. 

In lookinif now at our analysis some remarkable peculiarities are at 
once evident. In the first place, there is platinum amounting to 75 pei 
cent., yet the amount of osmiridium is very high — 14 per cent. This is a 
direct contrast to the results of Professor Kemp’s conclusion ; indeed, onh 
one analysis at all similar to it has been found. It is given in Dana’s 
“ System of Mineralogy,” the sample beiny fi*oin British Columbia, and 
having the folio ,ving proportions : - 


Platinum 

Iron 

Palladium 

Rhodium 

Iridium 

Copper 

Iridosmine 


Pei* Cem. 
.. 68*19 
. 7*87 

. 0*26 
3*10 

. 1*21 
. . 3*09 

. 14*62 


There is another from the same lorulin lij-'ing IrOs equal to l()'5l pei 
cent., with platinum 72 per cent. 

Fuxtlan*, m all the analyses where platinum amountb to between 72 
and 76 per cent, the iron amoimts to not less than 1(> pei t*enl., whereas 
in the Oropuki metal it reaches only to 5 per <*ent. The amoimt ot 
rhodium present is also high. It will also be seen that a fair amount ol 
gold was shown to be present ; but it must be remembered that this wa*> 
identified only by loss on treatment with acid, and, as the estimation b} 
loss is not ([uite reliable with very small quantities, it is probable that thV 
amount is not quite so much. The other constituents are, however, in very 
fair accordance with the results got for them by other wTiters. 

An analysis was also attempted of the osmiridium residue. By Claus’s 
method the* percentage of iridium was found to be 59*63, Further sepa- 
ration was not effected. 


Orioix of the Platinum. 

Owing to the interest quite recently awakened with regard to the 
geological relations of the platinum discoveries, a large number of places 
— ^with a more or less technical description of them — where the metal has 
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Leeii found have been recorded. It will be advantageous in our investi- 
i»ation to first briefly review the records hitherto noted of the principal 
occurrences. 

Nearly all discovericb can be grouped loughly in three large classes — 
(1) veinsj (2) placers, (3) eruptive rocks. 

In veins the discoveries are few, and i‘athei remarkable. The chief 
one is that noted by Professor W. 0. Knight, from the Eambler Mine, in 
Wyoming. The district has a country rock of gneiss-granite, penetrated 
m several places by large dykes of dark basic rocks. The dykes are com- 
posed mostly of a typical diorite, and it is in the outcrop of one of the 
dioritic intrusions that the mine is worked. It is also to be noted that, 
so far as is known, the metal or ore does not occur at all beyond the region 
of the intrusion. 

The second noteworthy occuriencc is reported by C. P. Haitt, from 
Brazil, in South America. The country rock here is described as a sycnitic 
gneiss cut by quartz veins. Nothing further is known about it. 

Another interesting discovery is noted from near Seville, in Spain, by 
the French chemist Vanquelin. The metal was found in a mineral con- 
taining copper together with antimony in an undoubted vein, which was 
actually being worked for silver. The country rock is a mica-schist. 

Again, a remarkable occurrence, which we have already mentioned, is 
reported from New South Wales. The metal vas found near Broken Hill , 
the seat of the great silver-mines of Australia. The localities where the 
metal has been found arc described as consisting of schists, gneisses, and 
quartzites, all of which are highly altered sediments. Intruded into these 
m various places are dykes and bosses of granite and very basic diorite. 
Some serpentine occurs within a distance of seven miles. The actual lode 
has already been described. The platinum occurs here in very minute 
specks, incapable of being distinguished by the eye. It has been suggested 
that the metal owes its presence to hot springs which formerly issued from 
the lode, the metal being absorbed by the clays and kaolin romid the vein. 

Lastly, attention must be directed to the New Zealand lode in the 
Auckland Province, at the Thames goldflelds. A reference to the parallel 
drawn between the Longwood and the Coromandel Peninsula shorn that 
the lodes in this instance arc also in a district penetrated by dj’kes of 
diorite or dolerite, though the actual veins are of quartz. 

With regard to the third class— ui in eimptive rocks — since all placer 
deposits are derived more or less from igneous rocks or mountainous sedi- 
mentaiy formations, it will be suflicient to describe the most common 
placer deposits, referring them where possible to their original mother rock 
(igneous or otherwise). 

Platinum has been obtained in commercial quantities in connection 
with the gold-wasliings of south-western British Columbia. As far as the 
metal is concemed, the area which is of special importance is in a valley 
of a small creek along the Tulameen River. In the neighbourhood of the 
creek a large dyke of peridotite crosses the country, but does not extend 
to any great distance beyond. It is cut short by a rock of pyroxenite type, 
which in its turn is replaced by a large mass of andesite. Evidently, then, 
the gravels are -formed from either the peridotite or the pyroxenite. A 
(*areful examination of some nuggets which occurred amongst the scales of 
platinum revealed the presence of chromite, and, in a few cases, of pieces, 
of olivine. Later on a nugget was got with pieces of pyroxene adhering. 
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This &tronfc»ly suut^obtod the fact that the lurtal came from both rocks. 
*Vssays oiade of the rocks distinctly show traces of platinum^ though no 
grains wer*' lirgo enough to bo visible to the naked eye. It appears from 
this that here the mother rock of the metal has been distinctly identified, 
end it is well to note the character of the two rocks. 

A very similar i}la(*er occurrence is reported in connection with the gold- 
w<Hhings of Columbia. The district, which is near Bogota, is formed of 
the detritus of two rivers flowing from a ridge which is itself an offshoot 
from xho Andes. As far as can be gathered, the country rock is a svenite 
or syenitic gneiss, with a little granite and much metamorphic rock. 

The most notable formation of this kind is, howev(»r, the Ural region of 
Russia. Tlie actual deposits are found on the eastern slopes of the range, 
and arc limited to two localities — the valley of thc^ Iss River and the vicinity 
of the Town of Nizhni Tagilsk. Both regions are old land-areas which 
have suffered protracted surface weathering and degradation. The drain- 
age has reached a base-level, and consequently the concentration of heav}' 
minerals has been extreme. The rock-formations along the Iss are almost 
exactly similar to those along the Tulameen. in British Columbia. Neai 
the head of each stream are extensive outcrops of peridotite associated 
with equally large areas of syenitic gneiss. Smaller exposures of diorite, 
gabbro, and gabbro-diorire also occur. The other formations further down 
are of no practical importance, since the river into which the Iss flows 
derives nearly all its water from its tributary. To trace this platinum 
to its mother rock Professor Saytzeff earned out some investigations. The 
result of his tests shows that the peridotite is the chief source, but the 
metal also occurs to a small extent in the gabbros. 

The Tagilsk region is exactly similar to the above, with peridotites, 
gabbros, and diorites. 

Again, it was noted in 1870 by a Russian observer that the metal 
ocernTred in Lapland, and the consensus oi opinion seems to be that it wa*s 
in this case also derived from a peridotite. 

Borneo can also be cited in this connection. Platinum Wiis found here 
in gravels from a series of mountains which consisted of serpentine, dioritf*, 
and gabbro. 

Just lately, too, it has been mentioned in the “ Transactions of tht* 
Institute of Mining Engineers," or more partitmlarly in a paper by E. 
Glasser on the Mineral Wealth of New Caledonia," that platinum occurs 
in placers on the Ply River, and these placers are. according to Glasser, 
derived from the denudation of the great serpentine “ massifs " which 
occur in the neighbourhood. 

Besides these occurrences, there are several exceptional ones reported 
from different countries. 

Beach-sands have been fomid on the Oregon coast to yield very high 
percentages of the alloy as compared with gold. 

In Brittany, in France, the raetdl has been got with tin-bearing sands 
along the coast ; and in the latest issuo of the Geological Survey Proceedings 
of ^eensland mention is made and assays given of beach-sands along the 
coast which contain quite an appreciable amount of the metal. 

Finally, an extraordinary case has been recorded of4he presence of 
metals of the platinum group in the ash of some Australian coals. Such 
an occurrence has been recorded from no other district, and an assay shows 
that the ash is quite the richest ore yet assayed for platinum. 
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\VTiat, now, can we gather from these discoveries i If we look back for 
a little at the geology of the claim we shall see that the characteristics of 
it are — (a) beds of lignite, (h) a base of gahbro rock which is an intrusion 
into a clay-slate foimation, (c) a ^avel placer or beach formation. From 
the review just given it will bo evident that any one of these masses could 
be not only a repository, but, in the case of the gabbro at any rate, an 
original habitat of the metal. It was therefore necessary to examine and 
test both the lignite and the rock in a very thorough manner. 

A mass of the lignite was burned completely to an ash, and when a 
sufficient quantity of ash remained a charge was made up as follows (crucible 
fusion) 


Giaiiib. 

Ash . ..100 

Soda . . . . . . . . . . . . 125 

Borax . . . . . . . . . 20 

PbO .60 

Argol . . . . . . . . . 6 


After cupellation an examination of the cupel showed the merest speck of 
gold, so small as to be imweighable. 

It was not thought worth while to follow up this line any further, because, 
since the lignite is a detrital formation, and as it was brought down by 
waters which also brought down masses of the neighbouring rock, and since 
it was probable that more platinum would be evidenced in the rock than 
in the Ugnite — ^fox these reasons it seemed better to devote attention to the 
rock. 

A microscopic examination of several sections failed to show the faintest 
trace, either in reflected or polarized light, of any isotropic mineral other 
than magnetite. Recourse was then had to assays. 

A portion of the rock was taken clean and crushed in a piece of clean 
cloth. When fine enough, two charges were made of it, as follows : — 


Rock-powder 


A. 

Oninb. 
. . 1,000 

Soda 



. . 1,260 

Borax 



500 

PbO 



600 

Argol 



60 

Rock-powder 


B. 

... 1,000 

Soda 



.. 1,260 

Borax 



..600 

PbO 



600 

Argol 
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After crucible fusion, scorification, and cupellation, the weights of the beads 
were found to be — A, 0*003 grain ; B, 0*003 grain. Since, however, some 
decomposed material adhered to the rock, feesh assays were run with 
exactly the same charges. The bead of A weighed then 0*001 grain, and 
that of B 0*0012 ^ain. Both beads were then put together, inquarted and 
parted in nitric acid, dried, and the combined weight got. It anxounted to 
0*002 grain. 

From this it will be seen that the whole was practically pure gold, with 
only a trace of silver, and that probably due to the lead-oxide used. 
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An amount eiiual to 0-0(>2 oiain m 2,(KK) grains of powder uorks out 
at nearly 16 grains per ton. Taking the price of pure gold at £4 per ounce, 
this meaiib that the rock is worth 3s. per ton, so that it is decidedly auri- 
ferous, and might even pay to <ru&h. When we consider, then, that the 
debris of th<‘ claim has been the accumulation of poihapj liundreds of years, 
when we consider that th<' suidstono of the claim is auriferous, that the 
washdirt of the miners consists of a mixture of decomposed rock material 
and sand with pieces of lignit and so on, and w'hoii we consider that more 
gold IS found where the rock .s most decomposed, it w'ould appear that 
much of the gold of the company comes from this gabbro rock. This is 
further suggested by the fact that the value of the gold fluctuates between 
£4 2s. 6d. and £3 16s. 6d. per ounce, for it is well known that gold from 
igneous rocks is usually very pure. The impurities, or the gold of lesser 
value mixed with it, may have come along the beach, for it is also well known 
that the gold which does occiu* on the beach at Orepuki and at the mouth of 
the Waiau is inferior in value, amounting rarely to more than £3 10s. per 
ounce. The appearance of the gold in the claim also strongly suggests 
a different origin from ordinary reef gold. The grains are very small, and 
there is no record of a nugget of any size ever having been found near the 
claim. An examination in reflected light show's that many of the grains 
are irregular, rounded sometimes but at others almost rectangular, and 
with ragged edges. It would thus seem that they had tc some extent been 
washed along by a running stream, w^hilc others had been freed just where 
they are. It was appearances like these w'hich led McKay, in his “ Gold- 
deposits of New Zealand,” to say, “ On the Orepuki and Longw’ood Range 
field no payable quartz lodes have been found, and the alluvial gold had a 
source distant from where it is now found. In this case the alluvial gold 
does not indicate the existence of reefs in the neighbourhood.” As it is 
to ho hoped we have shown, it is quite possible for the gold of the claim 
to have come from the rocks (gabbro) in the neighbourhood, w'ashed down and 
concentrated from the hills near at hand when a larger stream was flowing. 

In connection wdth the gold which w^e consider to have been, to some 
extent, washed along the beach, it is just as w'cll here to consider the opinion 
expressed by W. S. Hamilton in the paper previously referred to on the 
renewal of gold on the beaches of the south of Otago. He says, “ Just as 
wood is often sUicitied into stone in large quantities, or carbonized into coal, 
so it would appear that it may be metallized into the iroiisand of our gold- 
fields, auriferous, cupriferous, or platiuiferovs, from either some obscure 
conditions of process or inherent quality of the original substance. The 
ironsand of oui* goldfields appears to be derived fi‘om the lueaking-down 
of pyritized w'ood by mechanical or chemical nieaiih. Tins pvritized w'ood 
occurs along the sands, and, by the replacement of the sulphur by oxygen, 
magnetite may easily be formed from timber.” He then goes on to say. 
“ The renewal of gold in our beaches seems to be an example of this slow 
change of the ironsand. Miners observ'e the same renew'al in the washings 
of the Orepuki Goldfield.” This theory of renewal is, of course, mere non- 
sense, for it is a well-known fact that in all beach-workings the world 
over more precious metal occurs after heavy storms than w'as present before. 
The reason is that the gold, being veiy heavy, requires a great force to mov<^ 
it away, and this force is provided by the fury of the waters, while the 
lighter material on top is easily carried oil, leaving the gold uncovered. 

Several distinct assays were then run of the rock-powder ; the beads 
were put together, so that a total weight of 0*02 grain w*as obtained ; the 
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■vvholc waib iu(|uartcd and parted in mine a<*id as befeie, care beniu taken 
to use only a nunimuin ol silver to prevent any loss of other metals which 
might be pres(Hit. After parting and drying, the bead was again weighed. 
Its weight amounted to 0*0195 grain. This strongly suggests that no metal 
except gold was piesent in the rock, for, although a small difterence in weight 
(0*0005) was obtained, tins (*ould never be regarded a.s (*om*iusive. 

To remove, however, all element of doubt with regard to th<'presjnec or 
otherwise of platinum in the rock, recourse was had to the following method * 
A large mass of perfectly fresh I'ock weighing over 4,000 grammes (nearly 
10 lb.) was taken and carefully powdered. The pestle and mortar used waf« 
first rendered perfectly clean, and the prelimiiiaiy crushing of tlie rock wa. 
done ill new cloth, so that all danger of introduction of any foreign niaterlalh 
whatever was done away with. After crushing had been gone on with 
until the powder was line enough to go through a 60-mesh sieve it was 
panned off. By this means all the lighten* porhoii of the x^owder was gradu- 
ally carried off, and ultimately there^ was left a mass of black matmial about 
;30 grammes in weight. This w'as carefully examined by means of a micro- 
scope for any trace of the silvery metal, but none was found. Since, how- 
ever, the result of most observations on the occurrence of the metal 
in igneous rocks tends to show' that it is present in them in exceedingly 
fine division, the concentrates were subjected to a process as follows ; A 
quantity of aqua regia was added to the porcelain vessel containing the 
residue, and the liquid was evaporated to diyness on a water-bath. This 
process was carried out two or three times, to msme the solution of any 
metal present. The residue (from the evaporated solution, not the original 
residue) -was then twdee treated with sulphuric <icid, and again evaporated 
to dr}mess on a water-bath. This residue was taken up with absolute 
alcohol and w'ater, filtered, more alcohol w'as added, and to the clear solu- 
tion was added ammonium-chloiide crystals in exc*ess. The solution was 
slightly W'anned to dissolve the crystals, and put aside for twenty-four hours. 
On examination at the end of that time no trace of a precipitate was visible, 
and, though the liquid w'as again filtered, uhsoliitcly no trace of the yellow 
chIoropI<itmate was found. Care, of (*ourso, had been taken not to hav*‘ 
too much liquid when the amnioniiim-chlorido w'as put in, for lu that case a 
small quantity of platinic idiloride, even if present, might not bo precipitated. 

From results got from assays, and from (pialitative tests for tlie metal, 
we are forced to the coiiclusion that it does not occur naturally in the 
gabbro. Tlicre is, of course, the voi}' remote x>ossibility that the metal 
oeexu’s so sparsely distributed in the rock that the actual piece taken really 
contained none. The assays, however, were all done on pieces of rock 
broken from different places, and if there had been anv present we should 
have expe(*ted a small, yot distinct, indication. It is unlikely, too, that a 
piece of rock 10 lb. in weight from the heart of th<‘ claim should contain no 
trace of metal if it were really present in the rock. 

Wkerc, then, does it c*ome from ? The clay-slate fornmtioiis of the 
range can be dismissed as far as the claim is concerned, for the present 
stream does not flow through them, nor could it have been possible for 
even a large stream to have done so. The cause of the stream being larger 
was not a greater length, of course, than it now has, but an elevation of 
the land causing a greater rainfall and thus increasing the water-supply 
without lengtheniug the course to any extent. The stream everywhen^ 
iflows through gabbro rocks until reaching the plains. 
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There seems to us only one other possible explanation—ri.r., that the 
platinum was formerly present as a beach deposit which was subsequently 
covered up by the detritus from the land brought down by the rivers. Such 
beach deposits ate by no means unusual, as we have just previously shown 
in oui review of the methods of occurrence, instances having been reported 
from Oregon, Queensland, New South Wales, and so on. 

The origin of the beach-sands is conceived to be as follows ; At th(‘ 
period when the level in the south of Otago was much lower the erosive 
action of the rivers in the neighbourhood would be greatly increased, seeing 
that a larger fall would be provided for their waters. The interior would, 
of course, have to bo comparatively stationary, and observations in nearly 
all areas in which elevation and depression of coastal beaches have been 
observed tend to show that the interior does remain more or less stationarj’. 
The Waiau River would be afiected in this way. We have already seen 
that it is a very large river, with an oufput equal to two-thirds that of the 
Clutha. If we examine its course from the time it leaves Lake Manapouri 
we shall see that it receives tributaries from the Hunter Mountains, from 
Lake Monowai. and from the Takitimu Mountains. During a period of 
depression, therefore, the erosion of these areas would be greatly increased, 
and, since the rate of flow of the river would be greater, its carrying-capacity 
would also be much greater. Consequently, at the mouth, which would 
be further inland than it now is, much of the gravel would be deposited, 
the remainder being deposited all along the banks. The material at the 
mouth, by the action of the waves, would gradually l)e distributed along 
the coast, so that everywhere along the borders of the land a bed of gravel 
and silt would be formed. This would include minerals derived from the 
rocks, the heaviest of which would first be dropped, and the others in the 
descending order of their specific gravity. The probable existence of a 
beach at Round Hill has been dwelt on already. On to this beach the 
finer of these minerals would bo carried. It is conceived that the platinum 
has been brought in this way down the Waiau, and distributed along the 
beaches. 

Let us now examine the evidence in support of this supposition. In 
the first place, the rocks from which the River Waiau flows would have to 
be platinum-bearing. If we examine the geology of the west coast of Otago 
we see that almost the whole of the left bank of the Waiau consists of the 
Manapouri formation of Hutton and the Kaikoura formation of Hutton. 
Hutton, in his Geology of Otago,” in describing the former, says that it 
is found only on the west coast of Otago from Milford Bound to Preserva- 
tion Inlet, extending inland to Lakes Te Anau and Manapouri and to the 
upper part of the Waiau. The rocks, he says, are composed of syeniti<- 
gneiss, granulites, hornblende-schists, serpentine-schists, and limestone 
(marmolite). Dr. Hector, in describing the same, says that they are horn- 
blende-schists. felstone dykes, and serpentines. The latter, he says, wrap 
round the formation, and in places are found on its surface. Again, Hutton, 
in his Geological History of New Zealand ” (1899). refers to these rocks 
as exuptives. He calls them chiefly diorites and gabbros that have acquired 
a schistose structure by pressure. He says they are coincident witk the 
peridotites and serpentines occurring at intervals between Milford Sound 
and D’Urville Island. The Takitimus, from which also trihutaries come to 
the Waiau, are placed by Hutton in his Kaikoura formation, which has 
1)^ described by Dr. Hector and Mr, S, H. Cox as filled with dykes of 
diorite and serpentine. It is thus evident that the river comes from a. 



FARQUHxVHi-ON . — Tilt Platinum Qravth'^ of OrtjmhK 


179 


district in. wbicli serpoutines and highly bi^sic* rocks «ire not uncommon. 
These serpentines liave been coimectod by Hutton mih the serpentines 
in Nelson, and indli*eetly with those of Milford Sound. It ^^ll Ire noted 
that platinum has boon found in the serpentino district of Nelson, and it 
has been found actuallv in tho peridotite rock north of Milford Sound. It 
is therefore quite conceivable that it may originate from this serpentine 
or diorite rock near Manapouri, for r(‘sult8 go to prove that the metal is 
most often found in distiicts which are characterized by the presence of 
these rocks. In New Zealand alone we have already seen that there are 
three distinct occurrences, all associated with either a seiqientine or a peri- 
dotite which alters into a serpentine. It was for this reason that attention 
was called to the occurrence in the Takaka Valley, in Nelson. 

In the second place, the theory presupposes the existence of a more 
or less powerful current in Foveaux Strait, which would aid in the dis- 
persion of the gravel along the shores. A reference to the accompanying 



Fill. U. 

.sketch, which has been directly copied from the Admiralty chart, affords 
ample evidence of the existence of such a current. From the sketch it 
^vill be seen that a current sets in from west to east, and flows with an 
average speed of from a half to two knots per hour. This would be sufli- 
cieut to produce the easterly distribution of the pebbles observed on tin 
beaches firom the Waiau to OrepuH. The sketch is on a reduced scale, 
and soundings have been introduced, which .show the gradual slope con- 
tinuing well into the sea. 

Further, the shape of the coast-line in the upper part is exactly what 
woidd be produced by gravel-deposition — a long low flat pebbly plain 
densely covered with bush. In its lower part it suggests to some extent 
the former existence, or even the present existence, of great denundation 
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by heavy sea-actioii. All the projections, sueli as Pallia Point, Oiaka 
Point, Wakapatu Point, are denuded on their western sides, and the sea 
takes a bend round their eastern sides, forming n compaiatively quiet bay. 
All the beaches down to Wakapatu are sU*ewn with pebbl(‘s, and an ex- 
amination of ihese ])ebl)les shows that they consist of pegmatite, granite 
diorite, and a white mica-schist. These rocks all of‘ciir on the western 
bank of the Waitiii, and aie not found anywhere on the intervening country. 

The fact that hardly any platinum has lately been found on the coasts 
past Orepuki also strongly supports the theory, lor o^ving to its high specific 
gravity the metal would bo amongst the very first to be deposited, and so 
would, in ordinary circumstances, not be carried fai*. Fmther, the metal 
has been found at the inorrth of the Waiau not only in finer scales, but 
in nuggets weighing 2 oz. or 3 oz. Those would nalmully be dropped as 
soon as the velocity of the stream, from any cause, began to slacken ; or, 
rather, as soon as the fall of stream began to be not so great ihese would 
ceased to be rolled ajong the bed. 

It must be remembered, too, that in the Orepuki district the metal 
occurs chiefly in the foiin of scales. These are especially (*apable of being 
transpoi4:ed by water owing to the flatness of their surfaces, and the large 
amount of surface therefore exposed to any propelling agency. 

Lastly, the theory affords an easy explanation of the tact that the 
platinum in the claim is foimd invariably on oi very near to the decom- 
posed outer zone of the galibro bed-rock. Owing to its weight it would 
be deposited first of all on the beach-sands, nor would it bo as liable to 
subsequent removal l)y water-action as tin* sand above it. Of course, 
even if it had come fi*om the gabliro rock, and had been at first located 
in, say, the sandstone, it would ultimately reach the bottom in accordance 
with the principle obsen^ed in almost all alluvial areas — /.e., the (so to 
speak) burrowing-action of the precious metals by which they work their 
way do^Ti from the highest level until they are slopped bv impenetrabh* 
material. 

It may here be stated that W. S. Hamilton consideis the origin of th(‘ 
platinum as identical with that of the gold — viz., the “ metallization 
of wood into a platiuiferous substance, from which the metal is derived 
by some oxidation or replacement. This, of course, would 4 >resuppo 8 e 
the existence of platinu* solutions, or salts of platinum (‘apable of being 
volatilized, quit<‘ near to the locality. With regard to this, Professor 
Meunier heis stated that by mtrodu(*iiig volatilized chlorides of iron,^ nickel 
platinum, &c., together with liydrogen, into a porcelain tube heated to 
redness and containing frattineiits of pyroxene, olivine, or rock, he is abh^ 
to deposit the metals or allovs ol several metals in tlie interstices in such 
a way as to imitate closely the natural occurrences. He therefore con- 
cludes that the native platinum has been brought in presumably a similar 
manner, and has been deposited so as to yield either nuggets or grains (see 
‘‘ Comptes Rendus de la Yll Session Coiigrcs G^ologique International,’" 
p. 157). 

It certainly is rather interesting to know that metals or alloys can be 
deposited in this way ; yet crystallization from fusion seems not only to bo- 
as competent to bring about the observed results, but also to have much 
greater claims to probability and to general confidence. 

With Hamilton’s theory, too, the question why twigs alone have been* 
chosen as the basis for metallization requires an answer. 
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To suni up : We have seeu that this, the chief occurrence of the metal 
in the South Island, is in an alluvial district near the sea-coast, with a gentle 
slope towards the sea-beach, and situated at the base of the most outlying 
spurs of a mountain-range. AV'e have seen that, contrary to what was to bo 
expected, the platinum does not originate from the gabbro rock directly 
above which it is found, and which occurs all over the neighbourhood. W<- 
have given reasons for believing that it may originate in the serpentine 
legion near the head of the Waiau, a region from which most of the tribu- 
taries of the river derive their water ; and we have endeavoured to show 
that if such be the case it would be quite possible for the metal in the fom 
of fine scales to be swept or worked along the beaches, and ultimately find 
itself in the position it now occupies. If the theory is true it will be quite 
in accordance with observations made in platiniferous regions the world ovei . 
though it must be admitted that the fact that the metal actually occurs ah 
a constituent of beach-sands derived from a source far distant, and does not 
originate in the basic rocks which occur all round it, is quite peculiar, and 
one might almost say unique. 

From the economic standpoint, if the case is as we suppose, the value of 
the disco voiy cannot be very great as far as the mother rock is concerned, 
for ages of denudation and concentration will be necessary to make even 
alluvial deposits jiayable, and it is almost impossible to think that it would 
pay to crush a mother rock which furnishes, even after a tremendous length 
of time, detritus giving such comparatively small returns. The theory, 
however, enhances the probability of further discoveries of heavy particles 
of the metal towards the mouth of the Waiau. 
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Art. XLlll . — Peiroioqicdl Notes on Hock N/>econe«.N voUccted m Souti* 

Victoria Land, 

By Richard Kansford Worth. Asboc.xM.Inst.C.E., F.G.S. 

Comunicated by T. Y. Hodgson, F.L.S. 

[Jiead ht^fon tlip PhiJo^O}>hh ttl lit'ifitnU of Cunhthmif^ 1th Ih(n»hn, lUU),] 

This paper embodies the results obtained h:oin an examination of material 
collected in South Victoria Land by Mr. T. V. Hodgson, biologist to th(‘ 
British National Antarctic Expedition (1901-1903). It is merely intended 
as a supplement to the official report, and is confined to desciiption of 
individual specimens, without any attempt to generalize or arrive at large 
conclusions as to the structure of the district. From a much greater mass 
of material the affinities of the various rocks have been worked out by Di’. 
Prior, and it is only where the specimens have not been described in the 
official re^rt that any detail is entered upon, except that in some instances 
sU^t variances have been met to which attention has been given. 
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The iollomog rocks are either not dealt with in the official report, except 
perhaps in some instances macroscopically, or show variations in the slides 
now prepared and examined. The details as to locality and general ac- 
< ounts of occurrences are furnished by Mi*. Hodgson. 

Castle jRock. — 1. camptouite in so far as it contains amygdaloids of 
.inalcime. 

Termination Rock, — 3, tuichyt^e. 

SuUarCs Head. — 3, pumice. 

Erebus. — 1, trachydolerite ; 3, dionte . 4, fclsitc. 

Turtle Island. — 2, trachyte ; 6, augite nodule without ohvine. 

Inaccessible Island. — 1, augite-andesite ; 2. phonolitic trachjrte, un- 
described in detail; 3, trachji:e. 

Black Island. — 1, dioiitc : 3, quartz-felsite ; 4. sandstone; 5, quaitz- 
ite : b, camptonite ; 7. augite-diorite : 8, camplonite : 9, micro-pegmatite ; 
11, auaite-diorite ; 13, 14, altered sedimentary, here described in detail ; 16. 

Brou n Island. — 2, basalt ; 3, andesite ; 4, basalt. 

Western Mountains. — 1, mica-schist; 2, dioritic lamprophyre; 6, tuff. 

Grayiite Harbour. — 1. felsite ; 2, quart z-diorite ; 6, (juartz-mica-diorite. 

In some instances a description of the rock has been given, but no 
specific or varietal name applied. Such omission is probably unimportant 
in any event, and mixst be taken as indicating that analysis as well as 
microscopic examination might he desired. 

Observation Hill 

Dark-grey trachytic rock, with phenocrysts of augite up to 3 mm. and 
of olivine up to 4 mm, in length. It is slightly vesicular. Groundmass 
microlites of brown augite, of oli\dne-feldspar in lath shape, and magnetite. 
Larger augites are of a somewhat lighter shade, and show zonal structure 
between crossed nicols. Larger olivines are numerous, and very uniformly 
distributed. Fibrous isotropic patches occm* which may he analcime. 
Beyond a few larger laths, the porphyritic feldspar is confined to one crystal 
in which a band of inclusions marks out a rhomb. 

C'astlb Rook. 

Castle Rock is a mass of reddish breccia, nnd rises to a height of about 
100 ft. above the general level of the Ridgeway. It gives one the impres- 
sion of being the solidified pipe of a vanished volcano. Between the rock 
and the shore, but at a considerably lower altitude, were several small 
tones extending over an area something like 300 yards towards the ship. 
Ml the specimens taken came from one or other of these cones, and were 
obviously in situ, though taken from detached fragments. 

Castle Rock, 1. — Dark-grey, minutely granular rock. Bnstatite, brown 
mica, feldspar in broad laths and irregular patches, uniformly clouded. 
Oamptonite. From small cone below Castle Rock, nearest to sMt , in situ. 

Castle Rock, 2 . — Black basalt, in part highly vesicular, in part compact. 
No visible olivine. Tliis rock, with Castle Rock, is typical of this area ; 
both are from the same cone. 

Castle Rock, 3, — Yery dark-grey rock, slightly vesicular, with zeolitie 
amygdaloids, minutely (*rystalline texture. Groundmass, feldspar laths, 
minute pale-brown augite,' olivine, and magnetite. Larger forms of olivine 
and augite, frequently with good outline. The zeolite filling the vesicles is 

16 * 
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’sotropic, probably iuialt-iun'. Basalt. From small cone within 200 yards 
of Castle Kock, south of and below same. 

Castle Roch\ 1.— Bltick basalt. Prominent ciystals ol black augite and 
palo-greou olivine. There is a sharply defined inclusion of granular augitt^ 
and olivine, with no trace of any transitional material, between iliis and 
the basalt: greatest dimension of inclusion as shown in specimen, 45 mm 
Another specimen shows an inclusion, equally well deftiiod, which is practi- 
(‘ally all olivine, there being only one visible fragment of augite. A section 
of the augitc-olivine inclusion shows coarse-grained olivine-aiigite rock 
with ophitic structure. The augite pale green with a shade of pink, non- 
pleochroic. The merest beginnings of schilloi stmeture are visible in places. 
Below Castle Eoek, nearest to the rock. 


Se( ONI) Knoll. 

BUmk Vesicular Basalt . — This whs one of the less-piomment landmarks, 
and consisted of a cone of angular lumps of black vesicular basalt of vitreous 
appearance. From this a ridge of snow extended northwards for some 200 
or 300 yards. Whether this was a compacted drift ridge or merely a bank 
of basalt covered witli snow it is impossible to say. 

Termination Book. 

Termination Rock it> officially known as Hutton Clilfs. The name was 
given by Mr. Hodgson for his own convenience, as the exposure was 
the most distant one fj*om the ship, and thei’cfore the last on the Ridge- 
way. No. 1 was taken fi*om the base of the clifi, which is some 200 ft. high, 
and sheer. 

Termination Rockt 1 (Hutton Clifis). — Compact, olive-green mottled 
v,ith black. Many of the black included firagments are obviously 
amygdaloidal, the vesicles being filled Tvith white zeolite : spots of this 
mineral also occur in the green part. A volcanic agglomerate. Frag- 
ments of green, ])lack, and bro'wm glassy highly vesicular rocks, all of which 
contain oUvine crystals. Some of the black fragments are amygdaloidal, 
the vesicles bemg filled with a dull dusty-lookiug substance of finely fibroiw 
structure, white by reti^cted light. This saim^ substance also occurs at 
intervals throughout the slide, between the constituent fragments. One 
or two small black patches show numerous lath-shaped feldspars. Brown 
augite is rare, and present in small forms only. Tlie glass in this rock is 
now represented by alteration-products. 

Apparently akin to the tuffs from “ Bare Rocks*' meiitiom'd on page 110 
of the official repori. 

Termination Rock, 2 (summit). — Some small specimens of black vesi- 
cular basalt. 

Terminatiohi Rock, 3 (summit). — A dark-grey slabby lock, with slight 
^een shade ; shows a little tabular feldspar, Microlitic groundmass very 
ill-defined feldspars, small irregular prisms and pairs of very pale-green 
au^te, sphene, magnetite. The larger constituents are feldspars, chiefly 
in elongated forms, but at places stouter ; nearly all ill-bounded, and many 
BO crowded with microlites that it is only between crossed nicols that they 
can be distinguished. There are a few augites slightly larger than the 
general run, but these are rendered practically opaque by minute magnetite. 
Trachyte. 
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Sultan's Head, 1.— Olive- bcowii tuif, rather solt. A ty]pical palagonite 
tuff; the grains are subangula i*, and a few pi-csent bpheroidal stmcture. 
In places a vesicular form in the original inatcriiil is evidenced. A little 
calcite here and there, and much colourless cemeiitiiig-matorial, which is 
not quite isotropic. A variety of the basalt tuff from Sultan’s Head de- 
scribed on page 109 of the olHcial report. 

Sultan's Head, 2. — Specimen showing passagi* ol ohve - brown tuff 
(Sultan’s Hoad, 1) into volcanic agglomerate with this material as a base 
and considerable included fragments of dark basalts. 

Sultan's Head, 3. — Small specimens of grey pumieeorib rock. The inte- 
riors of the gas-cavities highly glazed. A highly vesicular rock, pale-gre} 
base not quite isotropic. Fragments of both quartz and feldspar, the 
for-mer with small fluid inclusions, noire of the feldspar twinned. A little 
granular magnetite. Pumice. It is not certain that this occurs here ih 
situ. 

Mount Erebus. 

The base of this inormtain to the west of the Ridgeway seemed to b(* 
composed almost entirely of kenyte. The larger exposures of Skuar\' 
Point, Cape Barne, and Cape Royds had other rocks in addition, the last- 
named with a copious sprinkling of blocks of granite. No. 1 specimen 
was taken from the sea ice immediately below a small exposure some few 
feet above sea-level, from which it had obviously fallen. This exposure 
was on the side of Mount Erebus, but only a few yards from the origin of 
the Ridgeway. 

Erehus, i. — Reddish-brown rock, compact base. Numerous tabulai 
feldspars, water-white, with visible inclusions of groundmass. The planes 
of all these feldspars arc approximately parallel, and thus on one surface 
they give lath-shaped sections, averaging about 12 mm. by 1*6 mm. The 
rock is also slaggy, and contains gas-cavities flattened and elongated parallel 
to the planes of the feldspars. 'While qxiite fresh it is thus very friable. 
The groundmass broAvn, apparently glassy, with brown and black dusty 
inclusions ; contains numerous lath-shaped feldspars. In some cases these 
are invaded along the centre from either end by black dusty material, which 
sho\vs somewhat elongated forms under high power. The larger crystal 
of anorthoclase contain mimerous inclusions of groundmiass, arranged in 
zonal fashion, and the crystals show between crossed iiicols slight local 
differences of tint which mark out zones exactly corresponding to the in- 
clusions. The olivine crystals are pale green, and usually accomplish clear 
crystal outline over rather more thm one-half of their circumference, being 
invaded elsewhere by prolongation of the groundmass, severed inclusions 
of which are also common. Neplieline is rather prominent in some parts 
of the slides, and in one place is associated with an olivine crystal. Traohy- 
dolerite, akin to kenyte. 

Erebus, 2. — A comp iQt grey rock of close texture, with slight tendency 
to cleave in flakes. Numerous tabular feldspars, mainly but not entirely 
in parallel planes. These give lath-shaped sections up to 25 mm. in length, 
and are 2 mm. in breadth. A comparatively pale ground, considerably 
darkened, however, by fine granular magnetite. Much looks like a brown 
glass, but no part is actually isotropic. There are numerous small feldspar 
laths. The larger feldspars are striated with alternate narrow and wide 
bands; the largest show zonal structure between crossed nicols, and small 



486 


Trau sactiotn. 


olivine inclusions as well as slight inclusions of groundmass. home small 
and well-formed nepheline, occasionally with central inclusions of ground- 
mass. Pink-brown augitcs ; small forms are rare. A fair amount of 
olivine ; small forms are again rare. Some large grains and crystals of 
magnetite. Two cracks in the rock have been recomented with a clear 
colourless mineral of very low double refraction. Trachydolerito. Speci- 
men taken irom the end of the jetty m situ. 

Erehus, 3. — Coarse-grained granitic texture, with tendency to banded 
structure. The larger feldspars flesh-coloured, the smaller semi-opaque 
white. Quartz clear. Much black mica. Feldspar slightly clouded, but 
in places quite clear, practically all striated ; all contains apatite. Patches 
of micro-pegmatite. There are large areas of quartz, which show fairly 
numerous fluid inclusions with bubbles. A fair amomit of dark mica in 
brown and green shades, Quartz-diorite. From Cape Royds, not in situ. 

Erehus, 4. — Felsitic texture ; granular crystalline ; general shade light 
indian-red ; some feldspars, all quite small, are a brighter pink. Micro- 
pegmatite, with patches of clouded red feldspar in tesselated form, and 
other areas of clear colourless feldspar in similar form : striation not infi‘(*- 
quent, but somewhat indistinct. One feldspar is clouded in centre, with 
clear outer zone, surroimded by micro-pegmatite. A somewhat similar 
case occurs where the centre is of a pale green-grey and polarizes diflerently 
from margin, although extinguishing with it. Hornblende in blades and 
irregular forms, olive-brown in parts but mainly green, is scattered rather 
sparsely through the slide. The larger grains of quai*tz are not prominent, 
and contain a few very small fluid inclusions with bubbles. From Cape 
Royds, not in situ. 

These last two specimens are samples of the numerous blocks of graniti(* 
material which lie here and appear to present great variety. 

Turtle Island, 

Tiutle Island was a small pyramidal islet some eight miles from tlie 
ship, and the object of rather feequent excursions. It is about a couple 
of hundred yards long and little more than half that in diameter, perhaps 
60 ft. high. On its eastern side were considerable pressure-ridges on the 
sea ice. At the eastern base the rocks were (*ompact, weathered to 
simulate stratification, and appeared to be the ordinaiy olivine basalts 
of the district, but here the olivine crystals were very large and con- 
spicuous. The general surface of the islet consisted of very fine rubble, 
with occasional boulders of kenyte and other volcanic rocks, the crystals 
from which sparkled in the sun like diamonds, and were rendered con- 
spicuous for a considerable distance. 

Turtle Island, 1. — Two specimens, one with a black compact base and 
very elongated rhombs of feldspar, practically lath-shaped in cross-section ; 
the other brown-black, rougher and more slaggy base, with well-developed 
rhombs of feldspar. The first shows parallel structure, the second docs 
not, Trachydolerite and kenyte. These specimens were from boulders. 

Turtle Island, 2.— Dark-grey, compact trachytic, with large vesicles, 
up to 13 mm. diameter. Cleaves easily in slabs of irregular form from 
5 mm. to 10 mm. thick. Groundmass light purple-brown augite and plagio- 
clase feldspar in wisps and rods, mth a little olivine and considerable 
quantity of magnetite. The sole porphyritic constituent is feldspar in veiy 
iiregular forms. Trachyte. 
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Tuitle Island. 3. — Granular, somewhat friable, black and very light 
urey; in a fresher piece the liG,ht crystals are more amber-coloured. One 
specimen shows that this rock occurs as nodules in a black basalt of vesi- 
cular ch.iracter. In some pieces the olivine and augite are clearly recog- 
nizable as such 111 the hand-specimens. There are small specimens in 
which olivine is present to the practical exidusion ot all other minerals. 
Nodules from basalt. 

Tuttle Island, 5. — A verv heavy black h’iable graiiulai rock with irides- 
<ent play of t*olour on the grains represents apparently a nodu'e from basalt 
in which the augite is present to the practical exclusion of all other minerals. 
Eich-brown augite (pseudo -hypersthene) in large ophitic plates. No recog- 
nizable pleochroism. The cracks stained a very dark brown, almost black. 
Numeioub inclusions, very dark brown, lying along two directions coin- 
cident with the cleavage. Many of these inclusions are mere rods, otherb 
are lath-shaped, some few are broader plates. They exhibit no pleochroism, 
and appear to be isotropic. 

Turtle Island, 6. — small weathered stone, grey and buff. Base appa- 
nmtly feldspar, colourless, giving aggregate polarization in low tints, and 
showing an occasional rod form. Granular magnetite scattered uniformly 
throughout the slide. There is much of a golden-brown mineral in platy 
and sometimes rough prismatic form, which is bright orange-yellow by 
reflected light, shows no pleochroism, fairly high double refraction, and 
straight extinction in sections approaching the rectangular; this occurs 
in very minute forms. 


Inaoobssiblbj Islaxd. 

The outermobt of the Dellbridge Islands, so called because it was diffi- 
cult to make the ascent. The northern side consisted largely of black basalt, 
weathered to simulate stratification up to a height of nearly 20 ft. Near 
the western end was a large scree of very fine rubble. The rocks were much 
confused at the eastern end, where all the specimens were obtained, and 
apparently dipped to the south. 

Inaccessible Island, 1. — ^Medium grey, trachytic texture. A very few 
visible augites. White spots of intersecting feldspar crystals, in many 
cases in small druses. Groundmass pale grey, consists of a felted mass of 
minute fibres, with some magnetite, largely in very minute forms, and 
numerous rather irregular prisms of very pale-green augite. Very numerous 
feldspar laths, rather stout in section, for the more part simply twinned. 
The symmetrical extinctions are ± 20°, which suggest andesine. The 
slide also shows glomero-porphvritic structure, with aggregates of twinned 
feldspar free from interstitial matter ; in one of these aggregates occurs a 
crystal with very closely repeated twinning, but elsewhere all are simple 
twins. One larger porphyritic feldspar occurs, with numerous inclusions 
of augite and magnetite. An occasional pale-green porphyritic augite, 
some with good crystal form, some much rounded, yet others entirely 
clouded with magnetite. Augite-andesite. 

Inaccessible Island, 2. — Yellowish-grey trachyte, minutely open-textured. 
A pale yellow-brown groxmd of varying depth of tint, of very feeble double 
refraction, and containing both magnetite and sphene in minute forms, 
with rarely a small grey-green prism microlite which is apparently augite. 

• Numerous well-terminated feldspar laths, and some few rather larger and 
stouter forms. Around the larger of these the lath feldspars show flow 
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structure. The rock appears vesicular, with the vesicles sometimes com- 
pletely, sometimes only partially, infilled with a zeolite, which is probably 
analcime. Many of these zcolitic areas have, however, the distinct appear- 
ance of being pseudomorphs after some previously existing mineral, and 
hexagonal sections for th s latter are fairly clearly indicated here and there, 
■with residual patches of unaltered mineral which may well be nepholiiie. 
The extremely small percentage of augitc is notewoi-tiiy. Treatment ol a 
section with HCl follcAved by fuchsin produces difEerential staining. The 
groundmass becomes bright red, the feldspars remain water-white, and 
the zeolite areas take a violet shade. It then becomes clear that these 
latter are in many cases very certainly replacements of a mineral of hex- 
agonal form. The straining of the groundmass also throws into relief 
numerous thread-like feldspars of a smaller order than the lath shapes, 
which alone are clearly discernible in the unstained specimen. The HCl 
which has been in contact with this rock is stained with iron, and yields 
on evaporation deliquescent crystalloids with cubes of sodium-chloride. 
The other chlorides apparently include that of aluminium. Phonolitic 
trachyte (altered). Apparently official specimen 803. 

Inaccessible Island, 3. — Purple-browi\ trachytic texture, rather com- 
pact. The ground a rich-brown glass, with some magnetite. Very nume- 
rous lath-shaped feldspars fairly wtII terminated, and frequently showing 
a line of inclusions of groundmass dow'ii the centre. There are also smaller 
much-attenuated feldspars. The laths as a whole have one general direc- 
tion. Larger feldspars, rectangular and rhomboidal, occur ; these are 
mainly associated in groups of tw'o or three, in contact mth each other 
and partly intergrown, and show considerable glass inclusions, but only in 
<me case polysynthetic twinning. No nepheline or zeolite is discoverable, 
but the rock is in many respects much like Inaccessible Island. 2. Trachyte, 
probably phonolitic. Apparently official specimen 802. 

Black Island. 

The first camp here w^as pitched about the middle of the eastern side 
of the island, not far from where the party landed. The specimens Nos. 2 
to 7, 9, 10, and 14 w^ore all taken from a “ rubble-heap ” a few yards from 
the tent. This so-called heap was an area some 20 yards by 3 yards, and 
none of the specimens were in situ. 

Bloch Island, 1. — Diorltic texture, dark browm and practically white 
<*rystals. Brown augite, ophitic, diallagic in parts. The margins frequently 
darkened, sometimes ^^ith the development of a rich-brown pleochroic 
mineral. A few crystals are partially altered to uralite. Much feldspar, 
apparently all labradorite. Considerable areas of micro-pegmatite, in which 
the feldspar is alw^ays clouded. A sprinkling of ilmenite and some apatite. 
Quartz-augite-diorite. From half-way up peak of island, not in situ. 

Black Island, 2. — Coarse-grained granite, pink feldspars, apparently 
precisely like Erebus, 3. 

Bloch Island, 3, — Very fine-grained pale-grey rook, slightly mottled. 
Much white mica in minute brightly sparkling form. Groundmass micro- 
feMtic, with minute sericitic mica. A few scattered grains of magnetite. 
Scattered blades and grains of olive-green hornblende, some of which shows 
striking pleochroism from olive to vivid blue-green. The porphyritio con- 
Btitaients are patches of much-clouded white feldspar, and quartz in sharply 
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bounded grains, some of wbich. have been cracked and then parted by 
considerable belts of groundmass. There appear to be no fluid inclusions. 
Quai*tz-felsito. 

Black Island, 4. — Very pale-grey flue-grained sandstone, with marked 
banded structure, twelve bands in 7*5 mm. Bounded quartz-grains, with 
more rarel}' a fi*<igment of feldspar. Inclusions of apatite, zircon, and 
dark mica occur in the (juartz. There are also numerous fluid inclusions 
with bubbles, the inclusions large and the bubbles of very varied size. The 
cementing-material is silica. 

Black Island, 5. — Fine-grained granular quartzite, breaks in thin slabs ; 
colour red-brown. Well-rounded grains of quartz, with an occasional more 
angular feldspar; tlie latter in some instances is microcline. The red 
colouring-matter is conflned to the outside of the grains. Mineral inclusions 
in the quaitz arc very rare. The fluid inclusions are not numerous, and 
are \erv small. To all appearance the materials of this quartzite are de- 
rived from a different souicc from that of Black Island, 4. The cement- 
ing silica IS Ireiiuently, but not invariably, in crystal continuity with the 
adjacent quartz-grain. 

Black Island, 6. — Purple-grey rock, breaks in thin slabs, very fine 
texture. Minute, very confused struclm'e, even the feldspar laths being 
but rarely well defined. The larger feldspars are nearly all mere patches, 
without crystal outline. All arc cracked and yellow-stained along cleavages. 
The mineral may be labradorite, but its determination is difficult. Small 
iiTegular prisms and grains of pale-green augito are very common, and 
occur not only in the groundmass, but also as inclusions in the feldspar. 
Some few larger augites are now almost entirely replaced by magnetite. 
There is a fair quantity of magnetite and somewhat more of granular sphenc 
scattered throughout tlic slide. Camptonite. 

Black Jsland, 7. — Very fresh-looking rock of somewhat minutely dioritic 
texture, dark gi’ey with light grain. The groundmass an irregular coarse 
mat work of plagioclase, clouded slightly in places, but for the more part 
clear, the forms comparatively short, probably labradorite. There is 
some magnetite, chiefly associated with augite. Large plates of augite, 
almost entirely diallagic, in shades of olive - green. Augito - diorito 
(gabbro). 

Black Island, 8. — A mottled rock in dark purple-brown and black. 
Weathered surface presents appearance of flow structure. Precisely similar 
rock found at fii’st camp. A very fine-grained rock of confused nature. 
Consists apparently of ill-formed feldspar laths, small ill-formed prisuM, 
and grains of pale-brown augite, magnetite, sphene, a little interstitial 
calcite, and an xmdetermined zeolite. The zeolite has loo-high double 
refraction for analcimc, and it with the calcite joins to form an irregular 
patch, around one end of which the feldspar laths are well defined and lie 
parallel to its margin. From half-way up North Peak, not in situ. Camp- 
tonite. 

Black Island, 9. — Pink granular felsite, spotted with dark green. 
Porphyritic quartz and feldspar, but no well-formed crystals. Much 
micro-pegmatite, which is the prominent feature of the sHde. Some of 
the feldspar is clouded, some striated. Practically all the quartz areas are 
in mosaic. There is a little green hornblende in grains and blades; the 
hornblende is to a great extent broken down to a dark-brown product, with 
the apparent production of some epidote. Hornblende micro-pegmatite. 
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Black Island, 10. — Black basaltic rock, ^\ntll olivine freely developed. 
Groundmass holocrystalliiie, consists of latli-shapcd feldspars, })rowii augite, 
olivine, magnetiie, and splienc. Feldspai ako occurs in lai'gei* form, with 
rounded outline, and showing between crossed nicols a Jcav v<‘ry narrow 
bands widely spaced. OIivin(‘ inclubioiib in this leldspav. A few larger 
iorms of pale-brown aiigiie with rounded outline. Fre()iient larger olivines 
mainly idioniorphic, but some with corioded outline. Trach^dolerito. 

Black Island, 11. — Weathered pebble. Eough-textured fine diorite in 
structure. Colour brownikh-gicy. Large plates of augite, in parts markedly 
diallagic. The more noimal mineral has a distinct pleochroism from pale 
bluish-grey to pale pink. Here and there is slight decomposition, with 
development of serpentine. There is a very little brown mica, wdth strong 
pleocbioism. Between the augite areas is a matw'ork of clear feldspars 
in moderately stout forms, apparently labradorito. Slight decomposition 
occurs here and there. Ilmenitc and apatite arc also present. Augite- 
dioritc. 

Black Island, 12. — Very light w’aim buff, wdth greenci shades locally. 
Ti’achytic texture. Ill-bounded feldspars, mainly lath -shaped, bur some 
of stouter section, in a groundmass of minute feldspar mosaic. A fail 
quantity of aegirine-augite, pleochroism yellow’-browm-green to blue-olivc- 
groen, in small prismatic foims and grains, for the moie part ill-bounded. 
Possibly a little apatite. Under the ^-inch objective minute hexagonal 
and square forms of a clear mineral aie visible. When the section is treated 
with hydrochloric acid, w^ell w'ashed, <ind stained witli fuchsin it takes the 
dye locally where these hexagons and squares occur, and shows them marked 
out by the cleavage-cracks in larger forms of a mineral which is almost 
certainly nephclino. Phonolitic trach 3 d:e. From south-west corner oi 
island ; occurs in situ. This is 610 of official report, but there reported 
in error as from south-east of island. 

Black Island, 13. — ^Volcanic agglomerate. Greenish base with black 
nodules, evidently basaltic. From north end of island. Described on 
page 139 of official report. 

Black Island, 14. — ^Dark-grey rock, almost black. Tendency to con- 
choidal cleavage. Very close grain. Micro-crystalline (juartz and reddish- 
brown mica are the prominent constituents. There is n distinctly parallel 
structure throughout the slide, but no banding. A fair amount of magnetite 
in irregular patches. An altered sedimentary rock from a contact zone. 
Apparently official specimen 525, page 135. 

Black Island, 15. — Very dark-grey compact rock. Possibly a very little 
olivine. Groundmass microlitic. Consists of feldspar laths all conforming 
to one general direction, sphene, magnetite, and augite. lu this occur 
larger wrater-clear feldspars, some striated, some zoned, many in associated 
intergrowm crystals. A few porph 3 rritic very pale-browm augites, and 
sphene in larger forms than in the general ground. From top of north 
peak of island, practically in situ. 

Black Island, 16. — Slaggy vesicidar lava, exterior with green tints^ 
fracture red and black. Very closely resembles Brown Island, 4. From 
top of north peak of island, in situ. 

Brown Island. 

Brown Island, 1. — ^A very pale-grey slightly greenish trachyte. Com* 
pact and hard, weathered surface hard also, A few dark aci<‘ular crystals 
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vibible; greatest observed length, 2*5 mm. A few glancing spots of feld- 
snar can be seen. Gronndmass is felted feldspar, with an occasional larger 
individual, rather ill defined (symmetrical extinctions appear in some 
instances to indicate anorthite). The ground is a very pale bufE in colour, 
scarcely distinguishable as tinted, except by contrast with the larger colour- 
less feldspar^. There are fairly numerous small prismatic forms of aegirine, 
with an occasional larger crystal rendered practically opaque by magnetite. 
With the one-ineb objective and careful lighting a clear mineral in very 
minute forms may be seen to be distributed throughout the slide ; with 
the ^-inch this is s^^eii, in part at least, to possess hexagonal outline. On 
treatment with HCl followed by iuchsin the slide takes the dye locally, 
and thus indicates that tlie mineral last mentioned gelatinizes in the acid. 
Tlie grains are then found to be parts of larger crystalline areas marked out 
bv the cleavage-cracks therein. Identification as nepheline appf^ars certain. 
TIjis IS the more probable since the acid which has been in contact wtth the 
shde yields, on evaporation, cubic crystals and aluminium-chlorides. There 
aio soin* small porphyritic feldspars (the largest mider 2 mm. in length), 
bcveral of wliich show polysynthetic twinning, while the constituents of 
the groundmass frequently bend around them in flow form. Phonolytic 
trachvte. From crater. See official specimen 607, page 115, from which 
it differs bliglioly, especially in being hard and compact. 

Broivn Island, 2. — black very compact rock, with augite aud'ohvine 
s'isible here and there. The specimen is slaggy at one angle. A rock 
almost opaque, with granular magnetite. Fairly frequent lath-shaped 
feldspars, ragged at the ends, and showing closely repeated twinning. 
Brown augite, in small crystals, is by far the most prominent mineral in the 
groundmass ; it shows no pleochroism. The magnetite inclusions in this 
mineral arc comparatively few. The slide shows one larger augite, cracked 
across the centre, and parted by a belt of the groundmass. The two parts 
thus formed have each a central area of bright green and a complfete border 
of pale brown. The positions of extinction of the green and brown differ 
by about 7® ; neither is pleochroic. Olivine is common, both in larger 
and smaller forms. It sometimes achieves good crystal outline, and, 
although rather free from inclusions, intrusions of the groundmass do 
occur in it, as also do the largest and best-formed crystals of magnetite 
which the slide presents. Basalt. From summit of island, in situ. 

Brown Island, 3. — ^Light yellowish-brown rock ; hard, but of open 
texture ; appears slaggy under hand-lens. Vesicular, a brown glassy base 
of very feeble aggregate polarization. Lath-shaped feldspars, from sym- 
metrical extinctions probably oligoclase. Some of the larger forms show 
very closely repeated twinning, and also considerable inclusions of glass. 
Some are quite clear in the centre of their length, but crowded with granules 
and microliths toward either end, finally dying away into the groundmass. 
There is a little brown hornblende, and magnetite in small crystals and dust. 
At places the vesicles have a narrow lining of zeolite. Andesite. Near 
top of south peak of island, in situ. 

Brown Island, 4. — Two specimens of slaggy vesicular basaltic lava, 
very open textured, the one a rich brown, the other largely yellow-green. 
The fracture of the green specimen is black. 

4a, — ^Highly vesicular, a rich-brown glass, almost opaque, red by reflected 
light. Olivine the only porphyritic mineral, except for the presence of a 
single rod of feldspar. 
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46. — Less higlily vesicular, alruost opaque, red in parlb, in pans almosi 
black by reflected light. Some iol<Lpar roda scatlerc^d sparsely. Olivine 
freely developed, and some augite. Summit of island, h situ, 

ArMITAGU’S t^LEOGK PaRTY, NEAR NeW HARliOUH. 

Mediutn gram, granitic texture, black nuca, wlute feldspar. At one point 
within a little spoce foui* crystals of clear brown sphene, the largest 2-5inni. 
by 1*25 mm. Biotit e-mica, plcocliroism pale ohve-bro\vn to very dark 
greens and browns. A little chlorite, developed at the expense of the mica. 
Quartz in coarse mosaic, fluid inclusions with small bubbles, some appa- 
rently empty cavities. Two classes of feldspar. The greater part ortho- 
clase, but a fair proportion of plegioclase, probably ohgoclase. Both are 
very fresh in patches, much altered here and there. The plagioclase twin- 
ning shows the occasional shear of a crystal, and also consich rable bending. 
Some apatite. Biotite-granite. Collected on the wTstoni sh'dee journey of 
1902 by Lieutenant Armilage. 

Western Mountains. 

This collection numbers upw’ards of a dozen specmicns. the wast» is rd a 
larger collection of loooe rocks picked up by Dr. Wilson when on a sledge 
journey with Lieutenant Armitage to the southern extranity oi the foot- 
hills of the Western Mountains forming the nonhein shorr of the outlet 
of the Koetthtz Glacier. Tliis journey was undertaken in December, 1903, 

Western Mountains, 1. — Mica-schist, much dark mica partially leached 
and iron-stained, A gneissic rock of clastic appearance. Both feldspars 
and quartz are in interlocked granules, and both appear distinctly 
fresh. The feldspar is often striated (symmetrical extinctions 20°), and 
frequently penetrated by, or includes, needles of apatite. The quartz 
seems free from fluid inclusions. A few crystals of rutile occur. There 
is much mica, the more part intensely pleochroic from very pale pinkish- 
brown to rich red-brown ; associated with this is white non-pleochroic 
mica, which in certain areas occurs in tracts of long bent blades, stream- 
ing in a uniform direction, and associated with patches of quartz and 
feldspar mosaic of fine grain, within which again avo small patches of 
brown mica, otherwise excluded from these portions of the slide. It is 
to the white mica so developed that the marked schistosity of the rook 
is due. The whole slide gives evidence that the rock has sustained an 
intense crush — so intense, indeed, that the quartz-feldspar mosaic is at 
places reduced to a mere aggregate of powdered material. 

Western Mountains, 2 , — A grey rock of rough texture. A few feld- 
spars are visible, but a rather dull brown-grey mica is by far the most 
prominent constituent. Much biotite. Face -colours vary from pale 
cinnamon-brown, with an occasional olive shade, to rich tints of brown 
in basal sections. Comparatively small patches and blades of hornblende 
are fairly frequent. The pleochroism is from pale olive to deep blue-green. 
Very numerous grains and some larger much-altered crystals of augite, 
showmg slight pleochroism from bluish-grey to pink-grey. Large patches 
of calcite. All in a general confused ^oundmass of high double refraction, 
with sexpentinous^ products. There is also, apparently, some secondary 
feldspar in mosaic form, and some sphene after titauiferous iron-ore. 
Diomic lamprophyre. 
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]Yestern Mountains, 4. — A dark basaltic rock. Gro rndmass pale 
brown. Consists of small l)^o^vn augites and latb-shapcd feldspars, with 
numerous crystals of mamictite. Some of the augite shows enclosures 
along both cleavages, giving well-definod dark lines. More or less this 
feature occiu’s Ihrougliout the slide. Olivine is present in much larger 
forms, (‘oiourless, occasionally with fair crystal outline, with inclusions ol 
magnetite and ^oniotinies oi the eroundmass. 

Western Mountams, 5. — A thin slab, apparently of grey micaceous 
slate. Section cut parallel to cleavage. Much pale-brown mica, which, 
being largely (“ut parallel to the base, affords a fairly uniform tint 
throughout the slide, and appears as if filling the rh of a ground in which 
the other n. inorals arc set. Exhilhts moderate pleochroism, and in con- 
vergent liaht shows a slight sepaiation of the cross into hyperbolae. Short 
pi isms of toiu’inaline of palc-grcen (olour are rather common, and are ver^ 
uniloiinly distributed. There are numerous subangular granules of cleai 
uiitwiiined feldspar. Filling the interstices between the other constituents 
is a substance white liy reflected light, mottled with palest green by trans- 
mitted bght, showing crystal granular and fibrous structure with high tints 
between crossed nicols ; the con.atituonts are in much too minute form for 
identification. Dusty ferrite stains the slide in pl«»ces, and magnetite is 
somewhat sparsely distributed throughout. Altered sedimentary. 

Western Mountains, 6. — Soft blown rock, lighter in colour and softer 
after passing 9 mm. to 10 mm. from exterior. Glaciated. Contains 
roimded sand-grains. A brigiit brown tuff -with rounded fragments of 
feldspar, some striated, and less-numerous ohvine fragments. A few inclu- 
sions of white and black rock minutely speckled, and also of brown glassy 
rocks with feldspar laths. Tuff. 

Westefrv Mountains . — The collection also includes a fragment of kenyte ; 
a granular felsite, apparently homblcndic ; and some granites or diorites. 

^Granite Harbour. 

Granite Uarbour, 1. — Compact homy texture, dull -brown rock, e\i- 
dently a felsite, with small pink porphyritic feldspars. Small dark spots 
(1 mm. largest) rather widely scattered. Mica in somewhat granular form. 
Groundmass minutely crypto-crystalline, pink in shade, strewn with green 
microlites (pleochroic from browner to bluer shades). The longer axes 
of these microlites lie in one general direction, and the mineral is almost 
certainly mica. A very rare grain of magnetite occurs. Porph 3 a:iti 9 feld- 
spars, some entirely clouded with red decomposition-products, others in 
parts quite clear and colourless with irregular streaks of cloudiness and a 
hatching of lines of same. The feldspars are clearly defined against th<* 
ground, and appear to he in large part microcline. Here and there thi* 
green mineral invades them in somewhat massive form, and it also fills 
cracks in the rock. 

Granite Harbour, 2, — Fine-grained granitic texture, white feldspar, black 
mica, quartz slightly stained in places. Feldspars slightly cloud^ locally, 
practically all oligoclase. The quartz contains small fluid inclusions, with 
bubbles, and some empty cavities. Much brown mica ; pleochroism pale 
straw to dark greenish-brown, almost black ; gives practically uniaxial 
figure in convergent polarized light. Apatite prisms are frequent, in aciculai‘ 
form, the central parts much darkened by some dusty black substance, 
which lies mainly in a series of planes parallel to the base. Pale granular 
sphene, at times with a core of titanic iron-ore. Quartz-diorite. 
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Granite Harbmt, 3. — Fmer gi\iiu ol: 2”; thuiolmIs app.u'eutly 

identical. The rook breaks in slab form, and < ho mioa shows ton lc»ioy to 
mark out a parallel structure. 

Granite Harbour, L — The whole rtpo(iim''n lo praetieallv one mass ot 
teldspar. No visible qiurtz. There is some dirk mu a parti<illv loaclied 
and largely altered lo chlorite, \7hich oceiiis also liiiiiii* a joint -lace. 

Granite Harbour, 5. — A grey rock, tine -grained .idmixture oi dark 
greonish-grey crystals and dirty-white ; the specimen is a thin iUh. rtrey- 
brown diallagic nugite, ophitic, with very slight pleochroisin. Between 
the augitc plates, labradorite-feldspar in moderately stout forms, frequently 
zoned. Occasional patches of micro-pegmatite ; no porphvrit ic quartz. 
Some ilmeiiite, Small widely separated spots of red-brown niI(M, asso- 
elated with the augite. Quartz-augite-miea-diorlte. 

Note on <4LACiER-fiBCEssTON, BY T. V. Hodgson. 

A great deal ba.s been said and written about the retreat ol the »c«' 
Ironr north to aout-U. and the glacuTs troni low to tlu higiun ^'wcls. This 
has been based upon rlao fact that the edge •>[ the Crreiit Ice Barrun* some 
miles further south than it was wh<m seen by Ross in 1839 iO. 

The various sledge parlies encouniCDd many glacieis th<‘ < vMoniities 
of which do not reach the sea. or even c withn IVi'S Citj i)l“ distance 
of it. One fact must impress the Autaritic exploriu*, and that is the thin 
ness of the ice-sheet and the largo proportion ol exposed roek. The thick 
ness oi the ice uii the inland pLttean is puivlv coujt < lural, end with tin 
appliances of tiio average sledge party it yould he imp(>ssible to incasur< 
it. Theoretical calculations have shown that ice cannot exist at a greatei 
thickness than 3,000ft., and one feels — ^for one can do nothing else — ^wheii 
in those regions that there is no reason to believe that It might possibh 
be more than tliis, 

I would ask, what right have we to accept so readily the assumption 
that the temperature-conditions are becoming less severe, and that there- 
fore the ice-cap is receding ? It appears to me that the nvidence is ver\ 
weak at the best. 

To begin with the Barrier, the amoimt of recession is small compared 
^0 its enormous area. It is greatest on the eastern side, wliere we havt* 
absolutely no knowledge whatever as to the source of supply. As com- 
pared to the movmtains of the west. King Edward YII Laud, from the little* 
that has been seen of it, is low-lying country, and if such should ultimately 
prove to be the case it may also prove to be the larger feeding-ground. 

Only in one spot has the rate of movement of the Barrier been 
measured. It was a rather crude measurement on a sledge journey near 
Minna Bluff, and is probably only local ; it works out roughly at about 
a quarter of u mile a year. There is no evidence whatever as to the seasonal 
fluctuations of this ice-sheet : a series of mild or of severe seasons seems 
to me to be amply sufl&cient to account for the difference in the position 
of its northern face. The icebergs met with by the “ Discovery were for 
the most part very small, and I think I am right in saying that none 
of them were over three miles long. 

Ajs to glaciers, many of them do not come down to sea-level, but end 
abruptly, frequently at some considerable distance from it, and it is very 
much open to question if they have ever been anywhere near sea-level. 

These facts have been interpreted as proof positive that the glaciation of 
the re^on is receding, it being regarded as certain that in no very far istant 
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period 111 such a climate all these glaciers did come down to sea-level, and 
that those that do so now were formerly of far greater extent. This, 

T think, is far too hasty a conclusion, especially when we consider that 
McMurdo Sound has never previously been visited by man, and very little 
IS known of the entire region from the point of view ol its physiographical 
eonditioiib. Some ot the so-called glaciers, like that in McMurdo Sound 
described m tlie present paper, the Drygalski ice-sheet, and probably others, 
lequire inoce detailed examination before any really definite and satis- 
factory opinion can be proiioiuiced. 

Within io3*ty miles ol our winter quarters were no less than three active 
volcanoes, one smoldng vigorously, the other two quiescent, and in such 
a volcanic district it is only fair to ask what would be the probable effect 
of— (1) volcanic eruption, (2) earthquake. 

First with regard to volcanic eiuptioii. For how long would the trace 
oi such an occunvnici* be perceptible except by actual and close examina- 
tion ol the ground ? A])parently not more than a few weeks. Lava-flows 
certainly might be (‘onspicuous lor a much longer period ; but their age and 
finer characters are not to be detected at distances measured by the mile. 
Ashes and other volcanic ejecta might cover large areas, and under some 
conditions, such as seen in the Brown Island nibble-mass, would absorb 
the sun’s heat and quickly effect considerable changes in the subjacent 
snow and ice. Under other conditions the snow might speedily and effec- 
tively hide all traces ol any eruption as visible from a distance. 

In the matter of earthquakes, their effect might be far more serious, 
and at the same time even less conspicuous. It is by no means incon- 
ceivable that the laud in the vicinity of McMurdo Sound has undergone 
some change of level quite recently from a geological point of view. How 
could it be recognized on a first visit ? Further, what would be the effect 
of a good average ” earthquake on the sea ice in such a region ? It 
would certainly mean considerable rupture, with probably a serious effect 
on the adjacent shores. From such a sheet at the Great Ice Barrier it is 
quite reasonable to suppose that a single earthquake of any magnitude 
would make such a difference to that sheet as would take many years to 
replace. 

The land visited has been seen for the first time, and we have to take it 
as it stands. To assume its permanency during, say, the last thousand 
years seenos to me to be putting a great deal into a first \isit. Had wc been 
able to stay four or five years, or to make an exhaustive survey of the Sound 
and its shores, wc might have been in a different position. Before we talk 
so emphatically about the recession of glaciation on such limited experi- 
ence it would be well to bear in mind the possibilities of volcanic energy. 
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\lUT. XLIV, — The Post-tertiary Geological History of the Ohau River and 
of the Adjacent Coastal Plain, Horowhenua Courdij, North Island, 

By Georges Leslie Adkin. 

I Read before the Wellington Phihso'phicaJ Society, 5th Octobe), 1910,\ 

Pliites XV-XIX. 

The principal waterway of the central portion of the Horowhenua Count\ 

IS the Ohau River, situated between the Manawatu on the northern bound- 
er}' of the former, and the Otaki and Waikanao in the south. Though 

a small stream, with 
a length of only 
twenty miles, its 
valley and the ad- 
jacent (ountry pre- 
sent many features 
of great SLieutiflc in- 
terest. The total ex 
tent ul its drainage 
area is sixty -four 
square miles, forty 
square miles of which 
is mountainous, the 
remainder being that 
portion of the ad- 
jacent coastal plain 
which is drained 
by the Ohau. Its 
largest tributarich 
are the Makahika 
and Makaretu 
Streams; others - 
viz,, the Blackwater, 
Kuk^ &c. — though 
inferior in volum(\ 
are by no means in- 
considerable. At the 
point where the 
Ohau River crosses 
it the present coastal 
plain has a width of 
nine miles, but it is 

Fio. I.— Locauty Plan of Anba desckibbd and wider toward the 
NAPPED. north, and narrower 

in the south. 

The Upper Ohau River, flowing in a valley which is alternately longi- 
tudinal and diaolinal, lies among the western subsidiary ridges of the 
Tarania Ranges. In this vicinity these latter constitute a wild stretch of 
oountty varying in altitude from 600 ft. to over 6,000 ft., and characterized 
by parallel tectonic ridges, and, in the diaclinal valleys, by tortuous rook- 
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bound gorges. Here may be seen on a very extensive scale the effects 
of fluviatile erosion. The parallel ridges have been dissected, and their 
corresponding valleys deepened to an enormous extent by the action of 
high-grade streams and svdftly flowing rivers. 

The culminating peaks of the district are the Mitre, 5,154 ft.; Mount 
Dundas, 4,944 ft. ; and Mount Crawford, 4,795 ft. These are not within 
or even contiguous to the Ohau catchment-area, but lie near enough to 
intercept the moisture-laden W'csterly winds, and thus increase the rainfall 
rvithin that area. The principal salients of the Ohau water-parting are 
Mounts Waiopehu, 3,588 ft., and Tawirikohukohu. 3,465 ft. It is near the 
summit of the latter that the Ohau River proper has its source. 

In character the valleys of the Ohau and its two mam tributaries differ 
considerably. As already stated, the Upper Ohau occupies a vallev which 
IS alternately longitudinal and diaclmal ; the lower portion of the Makahika 
appears to flow m a deeply incised anticlinal valley, 'while that ol the Ma- 
karetu, though diaclmal immediately above its jimction with the Ohau, 
m for the most pait longitudinal. 

Prior to its occupation by European settlers most of the Horowhenua 
County was clothed in tangled virgin forest. The zone of heavy mixed 
bush (almost entirely beech near its upper limits) extends from low alti- 
tudes up to the 2,500 ft. contour-line. Above this elevation the bush usually 
becomes stunted, and is partially — or more often wholly — replaced by 
shrubs, forming a dense subalpine scrub. In most places*^ at the altitude 
of 3,000 fl. the scrub terminates more or less abruptly, and the alpine 
meadow land is reached. The principal components of the latter are tus- 
sock-grass, Astelia, and alpine flowering-plants, while the subalpine scrub 
is for the most part Olearia Colensoi and Dracopkyllums, 

Though the district under consideration presents many features of in- 
terest to the botanist and the nature-lover, it is for the geologist that it 
reserves its chief attractions. The successive events within its limits have 
been so varied, and in some cases the action of the several natural agents 
so complex, that an examination of these events and operations should 
prove of interest to geological students. 

Oudng to the entire absence, or perhaps non-discovery, of fossil remains 
m the area under notice, the age of each of the geological formations de- 
scribed in the following has been determined entirely by stratigraphical 
considerations. Judging, however, from the views hold by writers on the 
Tertiary and post-Tertiary geological history of New Zealand, the recent 
maximum elevation of the country occurred in the early Pleistocene, and 
it is upon this conclusion that the chronological divisions in the following 
are based. 

At the close of the Tertiary epoch a plain of the Upper Tertiary, most 
probably Pliocene, strata was uplifted, and at the cessation of its emer- 
gence extended seaward on the western coast of the Wellington Province 
from the foothills of the Ruahine and Tararua Ranges to far beyond the 
limits of the present shore. At the termination of tMs uplift the elevation 
of our Islands was much greater than now, but, as the movement was 
more pronounced in the South Island than in the North, the latter Island 
did not experience so severe a ^‘glacial period ” as did the former. The 
Pliocene (1) plain is now not visible in this district, more recent d^sits 
having completely covered it, and on this account its exact nature cannot 
be ascertained from observations made in this locality alone, but that the 
uppermost Tertiary strata had a comparatively plane^and gently sloping 



49B 


Tnini^avtions. 


uppei surface is inferred from the configui'ation and cliaracter of the super- 
imposed fluviatilc deposit about to be described. 

The rivers which at present flow into the sea along the Torawhiti-Egmont 
coast-linc had to traverse the newly uplifted plain, and were Ihen not only 
of considerable length, but were also of greater volume, duo to the greater 
elevation of the land producing a more abundant rainfall, and incidciitalh 
-for the fact does not afFect the following considerations — a larger drainag<*- 
arca. Like the others, the Ohau River crossed the Plioceiu^ plain, and its 
subsequent history may be traced as follows : Upon le<mng its vent iu 
the foothills of the Tararua Ranges the Ohau River began to deposit 
material upon the Pliocene plain as soon as it was uplifted above sea-level. 
The deposited material took the form oi a fan, and — for a while at 
least — kept pace with the uplift of the plain, as well as reducing the dis- 
similar gradients of the river-bed to a more uniform slope. The extent 
of the fan in a direction radial to its apex or summit is as yet unknown, 
but it certainly exceeds fifteen miles. Its maximum thickness is also not 
known, but in this respect it has been found to exceed 700 ft. At the pre 
sent time the apex of the fan is only 345 ft. a])ovo sea-level, the averag(‘ 
surface-s^ope })eing about 65 ft. in the mile, though the dip of its component- 
layers at some depth below its surface is doubtless greater. 

The bulk of this massive and coarse fluvidtile deposit < onsets of some- 
what irregular alternations of shingle, gravel, boulders, (*oarso sand (ijuick- 
sand when stiturated with water at some deptlj ]>elow tlie surface), and thin 
bands of clay. The beds of flner detritus are sometimes found in immediate 
association with the coarser material, any poition of the whole forming 
an exact counterpart of what may be .seen on the Ohau River bed at the 
present day. The thin layers of clay which were deposited on many succes- 
sive levels point to a temporary cessation of deposition on such areas, due 
to the river changing its course to a more or less distant portion of its 
fan,* During its formation the Ohau fan, with its great wastes of bare 
shingle stretching far and wide, must have presented a very desolate ap- 
pearance. Any vegetation which managed to take root upon its barren 
slopes would, by the river changing its course, as was its unceasing habit, 
be completely covered by a stony mass. Swamps appear to have existed 
in hollows on the surface of the fan, probably on many successive levels, 
an ancient swampy layer 5 ft. in thickness having been met with at a depth 
of 323 ft. when the Jirst trial artesian bore was sunk on the State farm 
at Weraroa. Another old land-surface was discovered when a well was 
dug on Section 38 in the Horowhenua Village Settlement. After passing 
through from 70 ft. to 80 ft, of gravel and shingle the workmen came upon 
a swampy layer 1 ft. thick, on the surface of which was found an entire 
pukatea stump in situ. 

Driftwood has also been found at various depths in the Ohau fan. 
After heavy rains, driftwood derived from the bush-clad ranges and washed 
down by the swollen river would be cast ashore along its margin, and subse- 
quently buried. In several cases when wells have been sunk into the fan 
this old water-borne timber has been brought to light. Twigs, leaves, 
and branches were found at a depth of 20 ft. in a well sunk in the Levin 
Borough about ten years ago. In another well a layer of branches and 
twigs and also a piece of pukatea timber were found at a good depth. In 

♦ In the artesian wells sunk on the Weraroa State Farm the thin clay-seams were of 
very frequent occurrence. 
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the third trial artesian boro on the State farm at Weraroa a rata log 2 ft* 
in diameter was found 135 ft. below the* present surface. An old well- 
sinker stated that he had found flax-leaves which still retained their green 
colour beneath 18ft. of shingle. This well was situated on Section 46 in 
Levin Borough. 

From its apex to about two miles do^^n IIkS slope tlie Ohau fan has 
a fairly regular siirLicc — ^Ihat is to say. tin cuivo exhibited by a cross- 
section woukl be a legular one. Flirt hex do\m its slope, howc^'er, its surface 
is characterized In ridges and hollows, whosf* strike is parallel to the dip 
of that surface. Tn lliis part the siurfacc-curve, as shown by a cross-section 
would be sinuous, though here the fan still retains its lij'perbolic contour. 
The ridges are usually ti* 0 M 5 to 10 chains apart, and, though they seldom 
have an amphtude exceeding 3 ft., are cspecicUy noticeable wlicre a road 
crosses some of them. 

As shov/n by the coarsmess of some of the transported material, and 
also by the occuiTcuce of driftwood, the Ohau fan is hirgely a flood 
deposit. As material was swept out from the mountain-enclosed valley 
on to the coastal plain, the river, being more confined to the immodiatt 
neighbourhood of its vent, would at first spread that material evenly ii> 
every direction. Fiuthor out, where spiu*s were absent and the river had 
freer pliy. ridges of deposit would be built uy. until it was forced to change* 
its course. While the liver was in this state of oscillation — building up. 
being deflected when its bed became unstal'ile, and eventually returning 
to its original position, and repeating rhe process on different parts of its 
fan — a slight change in the direction of its flow when near the apex of the 
fan would usually cause a considerable alteration in the position of that 
portion of its course situated further dovm the slope, and as a result th(‘ 
low radiating ridges would there be built up. 

The Ohau River not only deposited shingle and gravel on the Pliocene 
coastal plain, but it also filled up wdth the same materials the deep valley 
it had cut (in the Teitiary epoch) through the rocks of the Tararua Ranges. 
This deposition of shingle, &c., in the primary valley of the Ohau was simul- 
taneous with the foimiation of the fan, the latter being the doivnward ex- 
tension of the former. 

"When the deposit in the valley had attained its maximum thickness 
it formed a sloping plain bounded by the hills, and travci’sed by the Ohau 
River and its two principal tributaries — the Makahika and the Makaretu. 
Formerly both these tributary streams joined the main river further up- 
stream than they do at the present time ; also, the Ohau itself flowed across 
the shingle plain south-east of, though more or less parallel to, its present 
channel* 

In shape the hill-enclosed alluvial plain which occupied the Ohau Valley 
bore a close resemblance to a three-fingered hand. The wrist was repre- 
sented by the narrow strip, varying from 10 to 15 chains in width and three- 
quarters of a mile in length, which extended up-stream from the fluviatile 
vent ; the palm of the hand was the widest part of the plain, lying round 
about the junction of the Ohau and its tributaries ; aud the fingers were 
the upward extensions of the shingle-beds in the respective valleys of these 
rivers. 

While the " valley plain ” — ^that is, the plain within the hill-enclosed 
part of the Ohau Valley — was approaching completion the Ohau River 
appears not only to have debouched upon the “ plain ” just south of its 
present channel, but also to have had an alternate course, from its upper 
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goi-,es, between the Mill and Square Knob Ranges, to the present junction 
of the Makahika and Wai-iti Rivers, and from thence, in combination with 
those streams, down the Makahika Valley. Owing to the ruggedness of tlie 
locality and to its covering of dense Lush, the exact nature and limits of 
this old suspected coarse have not been ascertained, but it is probable that 
it was similar in character to the braiich of the “ valley plain'" which for- 
merly occupied the Lower Makahika Valley. The position of this suspected 
course has been shown in the maps oi Horowhenua in the early and middle 
Pleistocene periods, but has not been included in the accorapan^Tnir geo- 
logical map. 

Afl(*r the Ohau River had graded its bed and built up the smdPace of 
its fan and valley plain ” until it had attained its maximum altitude 
it deposited upon the upward extensions and the widest portion of the 
latter a superficial layci of clay vartung from 10 ft. to 30 ft. in thickness. 
The precipitation of such fine sediment as clay alluvium was an indubitable 
indication that the cycle ol deposition on the part of the Ohou River was 
coming to a close, and that very soon it would be flovunt* at grade — pro- 
bably for Ihe first time in its existence. 


Table the SurEnirciAL Dip ot the V vllev Plvix * \^D or the Fan 
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When the deposition of the clay alluvium hod ceased — the rivers having 
attained a state of equilibrium — lateral erosion came into play, and the 
Ohau River began to cut into the southern end of the Mill Range at the 
point where it hows from its upper gorges on to the sloping valley plain." 
The river cut away and removed about 20 chains from the end of this range, 
reducing its constituent rocks to the level of tli*' valley deposit. It was at 
this time that the Arapaepa(^ Range was shorn of the spurs on its eastern 
flank.’’* For the most part these spurs were merely truncated, but in the 
narrow part of the Ohau Valley, near the fluviatile vent, they were entirely 
removed. Th’s partial destruction of tlie Arapaepae Range was tlie joint 
work ot the Ohau and its two njuin tributaries, but in the Makaliika Valley 
it was aceomplished by that river alone, though, as will be shown later, 
in a remoter period. As a result of the lateral erosion the area of plain 
within the Ohau Valley was very consideral>ly increased, and thenceforth 
consisted partly of the llu\datile deposit, and panly of e<|ually elevated 
and graded plalfomts of the country rock. The spurs of the range lying 
between th(* Makarelu Valley and the fliiviatile vent have also suffered 
truncation, but in Ihis instan(*e th<‘ operation must have occurred either 
during the excavation of the primary valley of the Ohau River or not 
later than the period in which the “ valkw plain " and fan were 
built up. 

As shown by the annexed table, the average superticial dip of the Ohau 
** valley plain was much steeper than that of its fan, th(* dip of the 
former averaging 110*76 ft. and the latter 61*88ft. per mile. Though this 
is so, the progressive dimimitiou of the slope between the upper limits of the 
“ plain ” and the lower pai*t of the fan is not regular, but is characterized 
by declivities of varying steepness. The dissimilar gradients of the valley 
plain *’ are, of course, due to the respetdive width aud narrowness of the 
valley itself. The gentler siudace-slope of the “ plain ” in the Lower Maka- 
hika Valley and in the narrow connection immediately above the apex 
of the fan (see table) shows that in these places the deposit exactly corre- 
sponds to those which sometimes form in valleys of luiiform width ; but 
where the Ohau Valley widens out (romid about the junction of the Maka- 
hika and Makaretu Rival’s) the contained deposit endeavoured to assume a 
fanlike structure, and there the surface-slope is much steeper. 

The dissimilar gradients of the fan seem to have been produced in 
another fashion. They lead one to suspect that the final additions of 
material to the fan differed in character from the main mass of that forma- 
tion. In building up its fan the Ohau River transported detritus to posi- 
tions progressively more distant to the apex of the fonner. This had the 
effect of not only raising the surface of the fan, but also of extending its 
outer edges upon the surface of the Pliocene plain. As the fan approached 
completion the river’s power of transportation diminished, the area of the 
fan ceased to be extended, and the final additions to its mass were deposited 
nearer and nearer the fluviatile vent. The alternate steeper slopes of the 
surface of the fan are the respective limits of detritus laid down in periods 
of transportation of lessening intensity. 


* The trunoated ends of the spurs closely resemble fault scaVps, and might easily 
be mistaken for such. There is, however, no direct or exclusive evidence for such an 
origin, aud fluviatile lateral erosion is a most satisfactory explanation. The origin of 
the truncation of the spurs is, for the most part, clo^y connected with the early Fids- 
tpcone fluviatile deposits- 
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When the iivei had reduced its bed to an easy giade, and had wandered 
ovei its completed fan and valley deposit, changmg its course perhaps for 
centuries, the country began to smL This subsidence affected the whole 
of New Zealand (which was immediately prior to this depression, of con 
tmental dimensions), and, by leducing the elevation of the coxmtry, put an 
end to any peimanent snowfields oi glaciers which may have existed in 
this pait of the North Island during the “ ejlaoial period ” In the North 
Island this reduction of elevation certainly amounted to more than 500 ft 
the base of the Ohau fan deposits being fully that depth below the 
present sea-level If during the peiiod of great elevation Cook Stiait was 
occupied by a ri\ei, the Ohau must have been one of its tributaries, and the 
mclmed Pliocene plain o\ ei which it flowed the side of the old Cook Strait 
Ei\ei \ alley As Cook Stiait is at its southern end (where the mouth of the 
lost iivei probably la>) considerably over 100 fathoms in depth, it would 
seem that an uplift of 1,000 ft would be necessaiy to restore it to its 
original foim — % e , an open and spacious valley It is therefore safe to 
assume that the eleration of the southern part of the North Island was 
reduced by at hast 1,000 ft. 

The dew n ward movement of the land was not sudden oi coii\ulsi\c 
but s^ow aiaduil, and perhaps mpeiceptiblc The sea began to inundate 
the western boidei ot the PI ocene plain, and m the course of time washed 
the edge of the Ohau Ian The subsidence continumg, the exposed area 
of the fan be( ame less and less, until it was finally cor eied and the sea had 
advanced a httle war up the Ohau Valley The subsidence then ceased 
The usual marginal deposits of sand were laid down against the western 
flanks of the Taiaiua foothills, markmg the limits of the wares, mud and 
the finei material being deposited m deeper water at some distance fiom 
the shore 

In those days four small islands — ^Florida Islet, and Muhunoa, Kuku 
and Poropoio Islands — ^lav off the coast ot Hoiowheuua Then appioxi 
mate areas were 20, 70, 260, and 670 acres respectively Then foimei 
insularity is shown bv the presence upon then flanks of fragmentair patches 
of uphfted sta-beacJi deposits On Floiida Islet the lattei has been best 
preserved, and is now elerated 360 ft abore sea-lovol At the present tmt 
the former islands exist as isolated hills of the xncient rocks of tho disliict 
In the early Pleistocene, Florida Islet appears to have projected through 
the Ohau fan in a manner exactly like the so’ated blls of the Uppei 
Canterbury Plain. 

A peiiod of lepose was followed by one of elevation, a movement which 
probably continues at the present day The land rose with the same slow 

g .adual motion as it had piemously sunk This elevation, however, differed 
om the previous subsidence m that it was local, tho uplilted sea margm 
lymg between PaekakariLi and ’Wanganui The sea receded and the sandr 
beach widened, so that m the com$e of time it formed a plain of marme 
deposit sloping toward the sea 

At that time the Ohau River flowed m a north-westerly direction across 
the newly uplifted coastal plam It flowed in a wide, shallow valley 
between ban& of the soft manne sandstone, and had for its bed the surface 
of its old fan After cutting away tho soft sandstone, the river formed 
m the surface of the fan a l^ge number of shallow channels, varying from 
I ft to 5 ft. in depth, and averaging 1 cham in width These channels wnnd 
about a good deal, but their general trend is to the north-west 
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Southern End of the Coastal Plain of Kaised Beaches, seen from Paekakariki. 

The cliffs which border the sea further south can be seen running inland as a result of the uplift. The dunes 
of blown sand have completely covered the raised beaches in this locality. 
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This old " ].ortli-\\est " (*oiuso is 'rhat may be tei*med the * interme 
diate stage in the recent geological history of the Oliau Formerly 

by the process of aggradation it formed a massive deposit of shingle and 
gravel, and now by erosion it Inm excavated a deep valle}^ in that forma- 
tion, It IS hardly likely that these very adverse conditions vere abruptly* 
consecutive, but that tliey were separated by an hitemrediato stage, which 
was a period when the river was neither depositing material nor to any great 
extent scooping out a well-dehned channel. The old “ north-west channel 
was this intermediate stage.’* 

Though the shallow “ north-west '* valley oi the Ohau Kiver eventually 
.ittained <i width of about a mile and three-quartei*s, it was at first much 
narrower. For a reason w'hich will transpire in the sequel, the river — 
which originally bowed to the sea near and parallel to the present position 
of Queen Street (Town of Levdn) — continually attacked its left bank, causing 
it to retreat to the vicinity of Kimberley Road. Prior to this lateral erosion 
by the Ohau River, the streams from the hills a couple of miles south of 
the fiuviatile vent combined and occupied a wide but shallow valley situ- 
ated along the line of the present Kimberley Road. The stream formed by 
this union flowed first into the sea, but afterwards into the southern end 
of Lake Horowhenua, which was then from 30 ft. to 40 ft. deeper (and 
consequently more extensive) than now : and w^hen it had excavated its 
valley through the sandstone formation to the upper surface of the Ohau 
fan it filled its valley-bottom wuth alluvium — clay derived from the hiUs 
at its sources. By the lateral erosion just described the Ohau River re- 
moved the right bank of the “ Kimberley Road ” valley, tapping it 
and cutting into the clay allu\dum. Though subsequent erosion has 
removed some of this clay deposit, the remainder can still be seen 
extending from the intersection of the Arapaepae and Kimberley Roads, 
through the Weraroa State Farm, toward the southern end of Lake 
Horowhenua. Originating as a flood-plain, it constitutes one of the most 
fertile portions of the district. 

By the time the Ohau had gained access to the old Kimberley Road ’* 
valley, however, the latter had been deserted by the stream which formed 
it. The Kimberley Road stream seems to have been divided from 
the streams ^which drained the hills still further south by a low^ ridge of 
the soft marme sandstone : and, having aggraded its bed with the cla} 
alluvimn, lateral erosion (•omment*cd, by wiiich means it cut through 
the dividing-ridge, and allowed itself to be c«iptured by one of the afore- 
mentioned neighbouring streams. 

These small watercourses have then* sources in the outlying Poroporo 
Range, in the adjacent Tararua foothills, and in the intervening valley. 
They flowed round the northern end of the Poroporo Range, entering 
the sea directly opposite. One of them, the Kuku Stream, afterwards 
raised its bed by depositing alluvium, and flowed over a low col — 
situated near the northern end of the outlying range — subsequently cutting 
the small ravine which it still occupies. 

Though there is no direct evideii(*e that the “ Kimberley Road 
stream vacated its original valley before the Ohau had gained access to 
it, for two reasons such is believed to have been the case. One is 
that the clay alluvium has not been channelled in the manner it probably 
would have been had the stream flowed into the Ohau ; and the other, 
aud more important, is that had the deviation not taken place the original 
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valley of the stream would have formed an insurmountable barrier to the 
Ohau River when the course of the latter was changed in the manner to 
be described later. 

The structure and lithological character of the material of the inclined 
plain of marine deposit (raised beaches) may now be examined. I am 
indebted to Mr. John Young for a hint as to the origin of this formation. 
From original observations made while travelling up and down the railway 
he concluded that it was nothing more or less than an extensive series of 
raised beaches, and I have since proved — ^to my own satisfaction at least 
— ^that such is indeed the case. At the foot of the ranges the raised- 
beach formation is composed of sandstone, but further out from them — 
in Levin Borough, for example — ^the formation consists of an upper bed 
of sandstone, a middle zone of yellow clay, and a basal layer of sand- 
stone, the first and last being identical in all respects. Along the lowei 
slopes of the Tararua foothills especially, the thiclmess of the raised-beach 
fonnation varies according to its remoteness from or proximity to the 
summits of the Ohau. Otaki, and other fans. Two miles south of Shannon 
the sandstone lies on the lower northern slope of the Ohau fan, and there 
has a thickness exceeding 500 ft. Opposite Levin its thickness was origin- 
ally 200 ft. to 240 ft., but has since been much denuded. 

The raised-beach formation is evidently a double one. When the 
country sank (terminating the early Pleistocene elevation), and the sea 
advanced over the land in this locality, sandy beaches were formed, only 
to be submerged and superseded by others as the subsidence continued. 
WTien the subsequent uplift took place, the sea while receding repeated 
the process of deposition, and foimed a second series of sandy beaches 
above the first. The intercalated masses of clay represent, of course, the 
finer sediment laid down while the sea was advancing and receding, and 
also when this portion of the country was at its recent minimum elevation 
— i.e,, when the sea washed the Tararua foothills. 

The sandstone of the formation is usually rudely stratified, and gene- 
rally finely laminated, the laminae sometimes exhibiting false bedding. 
Its colour varies from light and dark grey to various shades of red and 
vellow. Quartz grains, which constitute the greater part of the sandstone, 
are coated with iron-oxide in the red and yellow ^'arieties, and associated 
with black particles in the grey. Ripple-marks are of frequent occurrence 
in the sandstone, usually at some little distance from the upppennost sea- 
rnargiu at the foot of the hills, and are without doubt due to the friction 
of fairly deep water, and not to the action of wind. 

in this district both the clay and the sandstone arc quite destitute of 
fossil remains. This deficiency is probably due to the seas which then 
washed these shores being too turbid to be favourable to the life of shell- 
fish and similar creatures which were likely to be preserved in the fossil 
state ; or it may be that shells which were originally preserved have since 
been removed by dissolution. In some places, especially at the foot of the 
Axapaepae Range, the sandstone outcrops are seen to be riddled, or even 
honeycombed, \rith tubular holes, usually from J in. to 1 m. in diameter. 
Tho absence of fossil remains within these holes renders it difficult to deter- 
mine whether they were the homes of marine worms or borers, or have 
merely been made by land-insects since the uplift. The size of the perfo- 
rations and certain other characteristics seem, however, to disfavour the 
latter suggestion. 
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Che southern o\tieiiit\ ot the iK^\ly upiiftid eots il plaiu ]ust de 
bcnbed lies about two ii hs south of Pick kiuki The bfts wnich boid^^i 
the SCI fuii-hii sjuth bf^iii it ths point to run mhnd Taes<^ chits attai 
xU some placis i he j^ht of bOO It ind do not ise j eipendicuUiH fron 
the sea margin nu loim piciijnlous sc it is fiiji«,ed it the foot 'with ]aagecl 
rocks which he sh^litlj ibo\c high w atei miik As these clifta s+iike in 
land (as i result of th-^ uphft) ind lende moic iiid moie horn the xj^esen*- 
'ihoie they aie b\ the foimation of tills s’opis ind othci checks of sub 
xeiial dcmuidition iduiU} ti insfoimed into steep h Ps i\hch piesent 
compaiiti ely unbiokin fiies Ihc best (xiinple& of th'' foiiiei sea clifls 
lie to be scui leii O+iki and Obiu Although tae flit land (marint 
sediment) fiist appe i^s i< u Piekakai ki thixe aie t*biidant signs ot 
uplift, and ilso of piioi di^piess on of the counti\ ts t i south as Porirui 
Haihoin 

The coast il plain of nume d( posit aaiics in the dihcieiit locahties 
between Paekikaiiki and W inganui m both width and ele\ation Th 
uplift was probably gieitest midwa> between the two extiemities and thi 
altitude of the upper edge of the sandstone inci eases at the southern end 
appaiently with some iiieguhiit'v as that pomt is ipproached This im 
gulaiity miy reall'y bo only appaient and not actual, foi in some cases it 
is ceitam thit subaeiiil deiiundation has proceeded so unifoimlj that 
though the oiigmal suiface of the sandstone has been consideiahh lowered 
the oiigmal supeificial slope lemams unaltered and the denuded surface 
IS hable to bo mistaken foi the oiiginal one 

The piojection of the coast (Kenakona) near Waikinae is, with the 
exception of the numoious ii\ci mouths the onl} iiregulaiit'^ in the grand 
sweep of the piCbont beach lying between Piekxkuiki and \\anganui 
This projection which lies cxidl'y opposite the Island of K-ipiti has doubt 
less been formed b} the how of the tides lound the ends of thit isUnd 
Che meeting of the tidal cuiients on its he his c lused the suspended 
sediment to be piecipititcd thus toimiug i sindv iidgt pntlv sub and 
(by the use of the land) pxith suxui muine Should the uplift of the 
hnd continue Kipiti, b\ the extension of this iidgc will e%entu‘ill\ be 
<omc a pcninsuh 

Tn the immcdiitc luiohbouihood ot the Ohiu Ri\( i the pimcipal sUexm 
whiih disserted the coistil pliin ot in nine sediment was the Koputaioi 
Tiking its iis< in the southern end ot the Aiipiepic Ringe xnd leeciMii^ 
niiin affluents horn tht wistdii slopes of the aime it flows noithwiids 
into the Maiiiwitu Ri\ei Duiing its, geologicdll> spoiking shoit lift 
the Kopiituoi his pissed tlnough miny Mcissitudes, lud though the 
btieam is lathei msu,iiihc int i ic\ie*w ot its life histoi> will peichancc 
solve to indicate the nituie of siniilii sediments and operations of largei 
watercouibes, the conditions undei which such sediments weic deposited 
ind the minnei m which then ictions and opeiitions weie efiected 
When seen in mmiatuie oiigms modes of action ind ciuse md effect 
aie more easil> studied ind undei stood than when the sine phenomeni 
occur on a laigei scale 

Towards the teimiiiition of the Pleistocene period — that is when the 
Ohau Rivei flowed in Ihe shallow north west” channel, and this portion 
of the countii was at a somewhat lessei elevation thin at the piesent div 
—the valley which is now occupied by the Kopiitaioa Stream was trans 
verselv dixided hy i low sandstone iidge This iidge hi diiectK between 
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its two remaining extremities, which may still be seen -one near th(* 
northern end of the Koputaroa Road, and the othei a little noit-h of the 
north-east comer of Levin Borough. 

North of this ridge the drainage was then the same as now, but on the 
southern side a considerable change has occurred. The Upper Koputaroa 
Stream — i.e., the portion south of the dividing-ridge, took its rise in th<^ 
southern extremity of the Arapaepae Range, flowed parallel to it as fai 
as the present position of Queen Street, and then, bending north-west and 
west, flowed into the Ohau River near the point where it then entered th(‘ 
sea. The Upper Koputaroa was divided from the Ohau River by another 
low sandstone ridge extending from near the source to the junction of tlie 
former with the latter. The ** Kaiwha ” ridge (such being the name b\ 
which it was known to the old-time Maoris) varied from a quarter to 
half a mile in width, and its summit w^as about 25 ft. above the beds of the 
Upper Koputaroa and Ohau Rivers, though later it was in some paits 
considerably lowered — apparently by phmal erosion. 

T\TiiIe deepening and widening its valley the Upper Koputaroa removed 
part of the ridge which divided it from the lower part of its present valley, 
and, deserting its connection with the Ohau, formed a continuous streaii' 
which poured its waters into the Manawatu River. A base-level of verti(*«jl 
erosion having been established, lateral erosion became impoitant, so th<it 
the Koputaroa attacked and removed the upper portion of the “ Kaiwha 
ridge, thereby gaining access to the old north-w'est channel of the Ohau 
River, which was by that time vacated, and therefore diy. The surface- 
slope of the Ohau fan preventing an overflow of the Koputaroa to the 
south-west or west, deflected it toward the noi*th-west and caused it to 
hug the southern side of the Kaiwha ” ridge, and by lateral erosion to 
out back its bounding scarp. The sandstone of the ridge was, howevei 
not so entirely removed as to expose the underlying fan. 

After attaining the base-level of erosion as mentioned above, tin* 
Koputaroa began to fill its valley vith alluvium derived from the Arapaep*u‘ 
Range. This deposition of material was probably the result of a similai 
process on the part of the Manawatu River — ^the one keeping pace with the 
aggradation of the other. Being m a state of stable equilibrium, the Kopu- 
taroa (when the pivot of its motion was in the breach of the “ Kaiwha " 
ridge) by repeated oscillations from one side of its coui'se to the othei 
flowed and deposited material, sometinies on the south side, and sometimon 
m its valley proper, on the northern side of the “ Kaiwha ” ridge. This 
process was continued until the alluvium had reached its present thickness 
and structure. 

During its recent outflovings along the ime of Queen fcJtreet to the centie 
of Levin a second bifurcation of the Koputaroa Stream occurred, this 
time near the Horowhenua Butter-factory. At this point the stream by 
building up its bed was able to cross a low portion of the “ Kaiwha ” ridge, 
and after an interval, and again by aggradation, this time of its newly- 
acquired channel, it entered the shallow valley of a small stream which 
formerly flowed westward into Lake Horowhenua. Taking possession of 
. this small valley, the Koputaroa deposited material in it for the remainder 
of the time of its outflow in this direction, thrusting forward its alluvium 
as far as the intersection of Queen Street and Tirotiro Road. Both th<‘ 
first and second branches of the westward outflow of the Koputaroa Stream 
reached and entered the then more extensive Horowhenua Lake. 
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Since the excavation of the shallow channel it now occupies the Kopu 
taroa has, of course, been confined to its principal valley, and again pours 
the whole of its waters into the Manawatu River. 

The allmdum of the Koputaroa and its tributaries, being fairl} 
typical of the deposits of the other btreanis which convey the drainage 
oi the Tararua foothills across the coastal plain, is worthy of some 
notice. In surface form there is a marked contrast betw^een the deposits 
of the Koputaroa and those of its tributaries. This difference is due to the 
dissimilarity in the gradients of their beds, the bed of the trunk stream 
haying at that time, as now% a much gentler slope than had those of its 
tributaries. The Koputaroa spread its alluvium from one side of its valley 
to the other in gently sloping sheets, while its tributaries formed laterally 
(coalescing fanlike deposits, each deposit haxdng its apex in the gully of the 
stream to w-hich it owes its origin. The deposits of the tributary streams 
are not true fans, because they were modified by the presence of the lateral 
spurs of the Arapaepae Range, which separated their upper portions. 

Besides ha\Tng a gentler surface-slope, the afiuvium of the Koputaroa 
differs from that of any one of its tributaries in other respects ; the area 
it occupies is greater, though its thickness is less ; and its contained rock 
dehris consists of well-rounded pebbles and boulders, and not, as do the 
tributary deposits, of angular fragments. The alluvium of the Koputaroa 
itself consists of masses of gravel, grit, and boulders, surmounted by patches 
of yellow clay. The total thickness probably does not anywhere exceed 
30 ft., and, though the thickness of the lower portion is fairly constant, 
the upper clayey dhdsion varies — ^in some places swelhng out to a depth of 
5 ft. or more, and in others thinning away to the upper surface of the under- 
lying gravel. These masses of superficial clay frequently contain numbers 
of sporadic stones of various size. Of these the largest obser\’'ed was a 
greywacke boulder, roughly rhomboidal in form, but nevertheless well 
w'ater-worn. It lay just below the surface of the clay, and was found to 
weigh 3201b., its greater diameter bemg 28 in., its lesser 20 in. 

From recent observations made in Victoria by Mr. Guppy it has been 
found that muddy water, having a greater specific gravity than that whiclt 
is free from suspended particles, is able, even when flowing at a moderate 
velocity, to transport boiddei's of considerable size. From this it will be 
seen that the presence of large sporadic stones in a deposit of fine silt, and 
their transportation, by a stream of no great magnitude, to positions some 
miles from the parent rock, are phenomena not difficult to be accounted 
for. These facts seem to indicate that when the Kuputaroa Stream first 
began to deposit material it was a muddy torr'ent washing down large 
numbers of various-sized stones ; but after it had raised its bed by de- 
position its flood-waters spread, in the absence of any well-defined channel, 
over the whole of the floor of its valley, and, while depositing clay, also 
rolled down and disturbed the comparatively few pebbles and boulders 
which happened to come within the range of its action. 

The Ohau River flowed in, and gradually widened, its ‘'north-west” 
valley, until the sea had receded, in this \ficmity, to about five miles from 
the ranges, when a bar, or perhaps sandbanks, were formed at the mouth 
<»f the river. By the action of wind and waves, combined with the uplift 
of the land, the bar or sandbanks were raised above sea-level, and sand- 
dunes were piled up, at first obstructing and afteiwaifls completely blocking, 
the river at the point where it entered the sea. 



Aukix. — Po>1-t€rti(n u Geological Ifisfory of OJiau Eii'ev, 513 

In tlds manner tlie Horovlieiiua Lake was formed. The waters of 
tue river gradually banked up behind the sandy barrier, finally filling the 
wide channel as far up as the present site of Levin. At the time of its 
maximum extension the Horowhcnua Lake must have had an area of be- 
tween five and six square miles, its former eastern and south-eastern margins 
being indicated by the presence of a black soil on the sm-face of the shingle 
of the Ohau fan. The uppermost edge of th<* area of black soil ex- 
tends from Levin to Weraroa, and bom thence along the Beach Eoad 
to the State farm, and is, of course, a relic of the swamps which fringed 
the former successive margins of the lake. During its maximum extension 
the greatest depth of the lake was about 300 ft., the level of its waters 
being for a while kept fairly constant by an overflow between the sand- 
hills to the sea. AAlien, however, by the enlargement of this outlet the 
Hokio Stream came into existence, the surface of the lake was more or 
less gradually lowered until it reached its present level, thereby reducina 
its area by throe-fourths, and diminishing its depth by more than 70 ft. 
The Jirregular swamps at the north and south ends of the lake are the 
relics of arms of that sheet of water when it had attained its greatest 
extent, or are abortive attempts to gain an outlet to the sea, or perhaps 
both. 

Former levels of the Horowhenna Lake are indicated by the position 
and elevation of the extremities of the alluvial deposits of streams which 
at one time flowed into it. The previously mentioned Eamberley Eoad ” 
stream flowed into the southern end of the lake when its level was rising. 
The Koputaroa has also left memorials of the former higher levels of the 
lake. The first branch of its western outflow reached the lake when the 
surface of the latter had attained its maximum altitude — about 110 ft. 
above the present sea-level; while the second branch entered the lake 
when its surface had been lowered to about 70 ft. above that datum-line. 

At the present time the Horowhenua Lake has an area of 900 acres, 
its surface is 36 ft. above sea -level, and its greatest depth probably does 
not exceed 30 ft. The lake derives its water-supply from the overflow 
of the adjacent swamps and from their interfluent streams, and its only 
outlet is the Hokio Stream, the sluggish waterway which meandera between 
the sandhills to the sea. The six islands situated near the western and 
southern shores were artificially constructed by the Maoris in the early part 
of the Iasi century to servo as fortresses in their intertribal wars. Some 
are now, however, more ox less submerged through the wasting-away of 
the perishable vegetable matter of which they were partly constructed. 

The sandhills which enclose the Horowhenua Lake on its western and 
southern shores have kept pace with the uplift of the land, so that they 
now cover the strip of country, three miles wide, which borders the sea. 
On the southern boundary of the county the belt of sandhills is also three 
miles in width, but at its northern end the blown sand has spread inland 
for over six miles. The most advanced inroad of blown sand is situated 
near the northern end of Lake Horowhenua, where a comparatively thin 
stratum extends from the main belt of dunes to the Heatherlea cross-roads. 
This tongue of land has long ceased to drift, but it can be distinguished 
from the underlying raised-beach sandstone by its finer texture, its less 
regular structure, the absence of parallel laminae, and its htunmocky upper 
surface. The supenmposition of the blown sand upon the raised-beach 
sandstone can also be seen about one mile south of Lake Horowhenua. 


17 — Trans. 
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Tlie general arrangement of the sandhills is in ridges at right angles 
to the coast-line. Their culminating point between Paekakarila and the 
Manawatu River is Montere, 288 ft., and situated between the northern 
end of Lake Horowhenua and the sea. The surrounding sandhills have a 
general altitude of 170 ft., and vary in character considerably. G-reat 
wastes of bare drifting sand border the coast-line, but further mland the 
dunes are covered with manuka scrub and grass, so that in these parts the 
accumulation has now ceased. 

The hollows between the older ridges and hills of drifted sand are 
occupied by grassy flats, swamps, or lagoons. The last named are very 
numerous, though their area seldom exceeds a few acres. Papaitonga, 
the largest of the lagoons, is situated in the wedge-shaped sandstone area 
lying between the former and the present course of the Ohau River. It 
occupies a hollow (the former valley of a small stream) on the junction- 
line of the raised-beach sandstone and the hills of blown sand. Extensive 
swamps border the western shore of Papaitonga, and a stream connects 
it with the sea. The smaller island, Motu Ngarara, is artificial, but Kiwi 
Island is an isolated mound of raised-beach sandstone. 

The Ohau River flowed into the Horowhenua Lake until the latter 
had attained its maximum area. At tins juncture the deflecting force 
Avhich had caused it to continually erode its left bank compelled the river 
to vacate its north-west ” channel, and to flow across the plain of raised- 
beach sandstone in its present position, but on a much higher level. A 
moment’s consideration will show that the deflection was southwards, which 
in a river flowing west is from its right bank towards the left. This fact 
gives some indication as to the nature of the force which impelled the Ohau 
River to continually attack its left bank during the occupation of its 
north-west ” channel. Feirel has shown that moving bodies on the 
earth’s surface, in the absence of other controlling forces, are deflected 
to the left in the Southern Hemisphere. This law has already been applied 
to the Canterbury rivers,* and there is no doubt that the deflective force 
produced by the earth’s rotation was the agency which caused the Ohau 
River to alter the direction of its flow. Having reached its present posi- 
tion, the deflection of the river ceased, owing to the retardation and sup- 
pression of the deflective force, partly by superficial obstacles — i.e., the 
unfavourable configuration of the land-surface, viz., the Poroporo Range 
— and partly by the awakening of other forces which introduced a new 
cycle of action into the history of the Ohau River — viz., the excavation 
of the valley it now occupies. 

Upon attaining its present position the first act of the Ohau River was 
to make for itself a valley in the raised-beach sandstone, and to deepen 
it until the surface of the imderlying fan was again denuded, and also 
slightly incised. This erosion was due to the sandstone having a gentler 
surface-slope than had that part of the “ valley plain ” which lay above 
its limits, and to the tendency of the river to equalize the gradients of the 
different portions of its bed. Soon after this erosion of the sandstone the 
Ohau River began to channel its former deposits. 

The gradual diminution in the slope of the surfaces of the fan and 
“ valley plain ” had an important effect upon the subsequent action of 

* E. W. Hilgehdorf ; “ The Influenee of the Barth’s Rotation on the CJonrse of the 
Eiyeis on the O^terbury Plains,” Trans. Inst., voL 39, p. 206. 
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the Ohau Eiver. As has been shown in the appended table, this slope 
is very similar to a thalweg, or erosion-curve, beinj> relatively steep in its 
upper parts, but gradually becoming flatter (with some irregularity) as 
it is descended. At that time the chief endeavour of the river was ap- 
parently to reduce the steepness of its bed ; and on this account, and as a 
result of the general progressive diminution of the superticial dip of jts 
former deposits, the upper and middle parts of the “ valley plain ” wore 
the first to be incised. The material from this excavation was washed 
down, and spread over the surfaces of the lower part of the ‘‘ valley plain ’’ 
and the upper part of the fan : and it was also deposited to the depth 
of some 20 ft. on the floor of the valley in the raised-beach sandstone. 
Lateral erosion on the part of the river then came into play, and in the 
last-mentioned locahty the sides of the valley were cut back — down to the 
level of the material just previously deposited. This lateral erosion was 
effected in such a mamier as to cause the resultant flood-plain to have a 
convex surface when 'viewed longitudinally. In forming this part of the 
flood-plain the river cut sideways, on its right bank, not only through 
the sandstone side of the valley, hut it also notched (laterally) the slope 
of the underlying fan. Vertical erosion again attaining an ascendency, 
another flood-plain was formed somewhat below the level of the first, and 
this time extending from the upper edge of the valley plain ” to some 
distance down the slope of the fan. Subsequently, periods of lateral 
erosion and the formation of successive flood-plains alternated with periods 
of vertical erosion, and in rases when the flood-plains were not totally 
destroyed by the further action of the river their fragments were left to 
form the terraces which are now so common in the several portions of the 
Ohau Valley, 

Owing to its straightness and uniform width, the Lower Makahika Valley, 
at the commencement of the erosion of the early Pleistocene deposits, 
was extremely liable to be bwept from side to side by floods, so that, 
with the exception of two or three fragments which now indicate the 
altitude of the original surface, the Makahika branch of the “ valley plain 
was destroyed and washed away. As the excavation progressed — lateral 
erosion being in part superseded by vertical — ^the lower flood-plains were 
less affected by the action of the river than the original surface was, and 
are therefore more extensively preserved. The truncation of the spurs in 
the Makahika Valley appears to have been effected in the Tertiary epoch, 
since thick masses of early Pleistocene deposits can be seen abutting upon 
their truncated ends. 

An examination of the escarpments of the terraces which have been 
cut in the valley plain ” shows that there are of the latter two distinct 
types. In one the terrace-face consists either of shingle, gravel, &c., from 
sum m it to base, or has a considerable thickness of these materials rest- 
ing on the country rock, while in the other type the country rock is 
surmounted by only a comparatively thin layer of water-worn detritus. 
The first type of terrace shows that the Ohau has incised its Pleistocene 
deposits (which fill the primary, or pre-Quaternary, valley of the river) 
either in the iniddle or at one side of the vaUey, while those of the second 
type indicate that the river has cut laterally and then vertically into the 
bounding hiHs, and, in forming the subsequent flood-plains, deposited a 
veneer of gravel and shingle upon the successive platforms which it carved 
in the ancient base rooks. 
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The gravels, &c., oi the Ohau fan and valley deposit, and also oi the 
recent terraces, consist ol greywacko, soft slates, fragments ot conglomerate, 
and red and green quartzoso material in corresponding proportion to their 
occurrence in the country rock of the district. 

Since the cxcavaiiou of its present valley the Ohau River, along the 
lower part of its course, has raised its bed by the deposition of fine s( dunent 
in ranch the same manner as the AVaimakariri River has done in the 
neighbourhood of Kaiapoi. These alluvial flats, which constiiute the fertile 
lands about the Lower Kuku Stream, have their origin where the terraces 
of the Ohau merge upon the surface of its fan, and extend from thence 
to the coast, though there, as elsewhere, their limits are hidden by blown 
sand. The establishment of these aggraded alluvial fl^ts has prevented 
the inroads of the dunes on a narrow’ strip bordering the left bank of the 
Ohau River. This io the only place within the area showm on the accom- 
panying maps w’here the fertile land, which elsewhere lies contiguous 
to the foot of the ranges, approaches to within one mile of the sca- 
beach. 

The question now presents itself, What caused the Ohau River lo ex- 
Ciivate its present valley ? A cursory examination of the locality would 
doubtless lead the observer lo the conclusion that the present teiTaced 
valley of the Ohau River is the direct result of the (geologically) recent 
plication of the folds, and consequent slow' upheaval, of the Tarama Ranges, 
and also of the adjacent sea-bed. Such, how’ever, was not the case. It 
is true that upheaval has taken place, as shown by the occurrence of raised 
beaches, and it is highly probable that such was due to crustal move- 
ments in the Tararua and Ruahine Ranges ; but there is evidence to show 
that the uplift and the formation of the present Ohau Valley were not 
coincident, and therefore the former was not the direct cause of the latter. 
The river did not ccynimeme the excavation of its valley until the land had 
w’ell-nigh reached its present elevation.* The Ohau flowed in its nortL- 
west channel until the land was within 30 ft. of its present elevation, and 
after that again it flowed in the same direction as it does now^ long enough 
to excavate the sandstone to a depth of about 100 ft. — all before it com- 
menced to incise the upper portion of its valley plain.’" 

These facts pomt to a very considerable lapse of time betw'een the 
l^eginning of the uplift and the commencement oi tLe erosioji of the Ohau 
Valley, so that a more satisfactory explanatioii of the latter optu'atiou 
must now be sought for. 

The theory recently put forward by an eminent Canterbuiy geologistf 
appears to conform with the facts of the case under notice. He considers 
that one of the causes which will enable a river to excavate its channel 
is the failure of the supply of waste ” — ^that is, the failure of the supply 
of detritus with which the river is aggrading its bed or which it is trans- 
porting to lower levels. Concisely, the theory is as follows : Other factors 
remaining constant, a cessation or diminution of the supply of transportable 


♦ By ” the excavation of itb valley meant the erosion by the Ohau River of 
its former depo&it& — i.e.^ the “ valley plain " and fan acoumnlations. Being due to 
causes other than those now being considered, the orimn of the second valley in the 
raised-beach sandstone does not come into the present (Uboussion. 

t R. Speight : “ Some Aspects of the Terrace-development in the Valleys of the 
Canterbury Rivers,” Trans. X.Z. Inst,, vol. 40, p. 16. 
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rock debris \satliin a catchment-area ■will cause the contained river to deepen 
its channel. In this district the ascertainable facts appear to support and 
confirm this view. 

Though at the present time the basin of the Ohau Eiver contains only 
a few insignificant areas rising above the timber-line, in the early Pleis- 
tccene, when the river was building up its fan, a veiy- considerable pro- 
p(irtion of the mountains among its sources and upper reaches was bare 
oi arboreal vegetation. The former lower altitude of the timber-line in 
relation to the sources and upper reaches of the Ohau Eiver was, of course, 
due to the greater elevation of this part of the country at that time. 

A covering of dense forest acts as a shield and filter — controibng the 
impetuosity of the water following heavy rain ; binding the soil together 
and protecting the underlying rocks : allovung only the finest silt to be 
transported to lower levels ; and, perhaps most important of all, prevent- 
ing the formation of landslips. A strilang, though by no means rare, ex- 
ample of the last-mentioned attribute of a forest covering was observable 
from Levin on Friday, the 3rd September, 1909. Dry weather followed 
by rain — a very favourable series of circumstances — produced their 
usual effects on the mountains ; but, though innumerable slips were visible 
on tliose ridges of the Tararuas lying above the limits of the bush, not 
more than half a dozeii were ro be seen upon the nearer forest-clad 
ranges. 

It follows, then, that in the early Pleistocene, when the land hereabouts 
stood at least 1.000 ft. higher than now, the areas bare of forest suffered 
severely from the action of the elements — ^rain-storms swept away the 
soil ; the alternate action of sun and frost shattered the rocks thus 
exposed ; and landslips and freshets carried the resultant rock dSbris 
to the valley-bottoms, furnishing the Ohau and its tributaries with an 
abundant supply of waste ” wherewith to build up its deposits in the 
lowlands. 

This state of affairs was brought to a gradual close by the following 
subsidence of the land. It would appear that tho upward extension and 
growth of the forest did not keep pace -with the subsidence, because, had it 
done so, the excavation of the present Ohau Valley would have commenced 
in the middle Pleistocene — ^the period of recent minimum elevation of this 
part of the country. It seems, therefore, that the forest was slow in adapt- 
ing itself to, and taking advantage of, the new conditions, and by failing 
to check the supply of waste ’’ delayed the excavation of the valley to 
the Eecent geological period — almost to the present day. 

In the foregoing an attempt has been made to account for the varied 
physical features of the district, the various geological formations, aud the 
peculiarities of surface-configuration. As previously stated, the absence 
of fossils wiU no doubt force investigators to fall back on stratigraphical 
e-vidence and the evidence of the slow crustal movements — ^first epeirogenic, 
then orogenic — ^when attempting to place the formations of the district in 
their correct position in the geological scale. The problems of the district 
are by no means exhausted, but, as those still unsolved apparently do not 
affect the continuity of the chain of events, their non-solution is in the 
present instance of no great importance. 

* That the nearer ranges are not immune from landslips is shown by the fact that 
when the bush is felled they are particularly liable to be disfigured by thete hideous 
soars. 
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Tabld otf Formations described rsr the above Paper. 


Formations. 

Composition of ^ 
Formations. 

Origin. 

Age. 

1 

Alteinatixe 

Name. 

Rocks of Tarai'ua 
Ranges 

(ke> waeke, slates, 
&c. 

Marine (?) 

ISaii, Mesozoic 
(?) 

1 


Pre-exibtiug plain 
(lateml f.lopo of 
Cook Strait valley") 

(?) 

(?) 

Pliocene (‘^) . . 


Ohau Valle}' deposit 
and fan 

Boulders, shingle, 
sand, and clay- 
seams 

Flu^iatilc 

Eaily Pleisto- j 
oenc 1 

' 

Period ol uplift, 
great eleva- 
tion, and sub- 
sidence. 



' Middle Pleisto- 
1 oene 

1 ! 

Period ot mini- 
m u m elcva- 
tiou. 

Raised heacheb . . 

1 8 oft 'sand-donc and 
ela}' 

Marine. 

1 Later Pleisto- 
cene to Re- 
1 cent 


Alluvium on the lat- 
ebt coastal jilam. 
[Flood-plains, &o., 
of tho minor 
streams] 

Oravel, boulders, 
clay 

1 

Fluviatilc 

(minor) 

1 

1 

t . _ _ . 

1 Recent 

1 

! 

Period of latent 
f uphft. 

Terrace gravels, &c,, 
in the Ohau Valley 

j Shingle and clay 

1 

1 

Muviat le 

Recent 

1 


Blown sand 

1 Sanfl . . 

j Aeolian 

1 Recent to pre- 
sent day 



Art. XLV . — Some Xoif,9 on the MarJhommjh Coastal Moraines and Waiaii 

Glacial YaUeij, 

By Professor Jamks Pvrk, F.G.vS., Otago University. 
hfifoii the Ota(fo Inhtiinte 4th October^ 1910.] 

Plates XX-XXII. 

The Marlborough ooastal moraines extend from the shores of Cook Strait 
near Cape Campbell southward to Shades Creek, a distance of twenty-six 
miles. I have elsewhere* spoken of the three greatest of these glacial 
deposits as the Cape Campbell Moraine, the Kekerangu Moraine, and the 
Shades Creek Moraine, but a recent examination of file maritime belt in 
which they occur has led me to the belief that these moraines, although now 
more or less detached, at one time constituted a continuous deposit, having 


* James Park ; “ The Geologj' of New Zcalanrl,’' 1910, p. 201. 
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been formed by au ice-sheet that descended from the Kaikoura Mountaiiis 
to what is now the shore-Kne of the north-east portion of the South Island. 

There is indisputable evidence that the confluent glaciers which formed 
this icc-sheet extended eastward beyond the present strand, but just how 
far caiuiot be determined until more data are available. 

At the mouth of Keke- 
rangu River the moraine- 
material rises into bold 
headlands over 400 ft. high, 
and, moreover, forms rocky 
ledges and reefs that can be 
traced seawards for some half 
a mile, until they disappear 
in the deep water. 

Three miles north ot Keke- 
rangu River, at Shaw’s Falls, 
there is a considerable de- 
velopment of morainic 
material ; and at many points 
between that place and Lake 
Grassmere, and between Lake 
Grassmere and the Wairau 
Valley at Blenheim, much 
glacial debris of a similar 
character is to be seen. 

In the Kekerangu Valley, 
about two miles from the 
sea, a strip of glacial moraine 
composed of material identi- 
cal A\'ith that found in the 
coastal moraines is entangled 
ill a powerful fault that fol- 
lows the foot of the range. 
This faulted moraine is beau- 
tifully exposed in the steep 
banks of Heaver’s Creek (see 
Plate 5X). 

At the mouth of Shades 
Creek there are two bands of 
morainic material — namely, a 
narrow band entangled in a 
fault-plane close to the point 

M VP SHowiMi Kekuevxoxt AjfD Shades Mobaixds, where the main coastal road 
Mvrlbobotjgh. crosses the stream, and a 

A. Kekevarmu Morain^'. B. iSiiades Moraine. broader baud parallel with 

the flrst and about 30 chains 
to the westward. This second greater band varies from 10 to 40 chains 
wide, and extends from the south side of Shades Creek northward two miles 
or more to'wards Kekerangu, crowning and forming the coastal ridge which 
culminates at Deadman’s Hill, 1,070 ft. high. 

The Shades Moraine is splendidly exposed to view in the sea face of 
Deadmaii’s Hill, along the foot of which the Blenheim coach-road passes 
southwards to Kaikoura. Enormous blocks of grey Amuri limestone are 
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seen projecting from tlie steep slopes fronting the sea ; and half a mile 
from the sea the course of Shades Creek is blocked up and rendered 
impassable with piles of fossiliferous boulders that have fallen from the 
adjacent morainic ridges (see Plate XXI). 

The presence of such a vast accumulation of ice-formed and ice-borne 
detritus on the present shore-line offers a temptation to speculate «as to the 
former existence of an ice-sheet that may have stretched far beyond the 
present strand. Of a great extension beyond the present shore-line there 
is, however, not much evidence. An examination of the detritus shows 
that it is mainly fluvio-glacial and glacial, such as might very easily he 
formed at or near the edge of a piedmont ice-sheet. 

The morainic reefs off the mouth of the Kekerangu River lie at their 
furthest limit half a mile from the shore. They may possibly extend as 
submerged reefs another half-mile or more to seaward ; but, notwithstand- 
ing this possibility, I am inclined to think that the present strand marks 
approximately the eastern extension of the Pleistocene glaciers during the 
period of maximum refrigeration. 

The Kekerangu and Shades Moraines, although so far north, rank among 
the finest examples of glacial deposits in the South Island, and among the 
most accessible. They are, unlike the Cape Campbell Moraine, close to 
the main coach-road coimecting Flaxboume and Kaikoura, and can be 
reached from either Blenheim or Kaikoura in a day. 

A prominent feature of these moraines is the presence in them of large 
angular blocks of different rocks plucked from the bed-rock in the neigh- 
bourhood or transported from a distant watershed. 

In the face of the cliff forming Homai, the south headland at Kekerangu 
(Plate XXII), there are many large angular blocks, among which two con- 
spicuous masses of Amuri limestone* immediately catch the eye when 
standing on the beach. The most northerly mass measures 32 ft. by 30 ft. 
by 20 ft. ; but it should be mentioned that these dimensions may be much 
greater, as the distance the block extends into the cliff cannot be seen. 
The southerly block measures 38ft. by 20ft. by lift., the last dimension 
being the distance the mass is seen to project beyond the cliff-face. 

Some 25 yards south of the last mentioned block of Amuri limestone, 
and at about the same height, there is a large mass of soft blue foramin- 
iferous clay from the Awatero beds near Flaxboume or Seddon, which 
measures in the two dimensions that are exposed 30 ft. by 22 ft. 

Besides these, this moraine also contains large slablike masses of soft 
Tertiary sandstone, with numerous fossil shells, and blue shaly clay with 
leaf-impressions, the largest slab seen by me measuring 10 ft. long, 6 ft. 
wide, and 2 ft. thick. 

The included blocks of rock in the Shades Moraine are more numerous 
and larger than at Kekerangu. In the face of Deadman’s Hill, as seen from 
the beach, three masses of Amuri limestone are particularly conspicuous. 
The largest measures in the two dimensions that are exposed 72 ft. by 24 ft. ; 
the second, 51 ft. by 28 ft. ; and the smallest and most southerly. 46 ft. by 
32 tt. by 30 ft., the last dimension not being fully exposed. 

Mount Vernon Drifts. 

These form the Vernon Hills, lying from two to five miles south of Blen- 
heim, and extending from the sea along the west side of,the Wairau Valley 

♦ These are shown in tig. 93, y. 202, The Geology of Xew Zealand,** by James 
Park, 1910. Photo by A. McKav, RQ.S. 
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for over twenxy miles. They consist of a great pile of fluviatile drifts over 
1,200 ft. thick. Towards their base the drifts are intercalated with beds of 
clay and soft sandstone alternating with beds of gravel. At their base, 
uiid resting on the basement rock, which is mainly gre}’wacke and jointed 
argillite of probably Lower Secondary age, there is a rock-rubble deposit 
mainly composed of angular blocks of greywacke, few of which exceed 2 ft. 
in diameter. The material is loosely piled together, and in many respects 
resembles the terminal moraine of the Hooker Glacier or the lateral moraines 
of the Tasman. It varies from 10 ft. to 160 ft. thick, and is specially well 
exposed on the Awatere side of Maxwell’s Pass. 

The Vernon drifts, with their basal glacial iebris, form the divide between 
the Lower Wairau and Lower Awatere, rising in places to a height of over 
2,000 ft. above the sea. In places they rest on the older Pliocene clays of 
the Awatere series. Like the Shades and Kekerangu deposits, they are in 
places tilted at high angles, in others traversed by faults. That they are 
Pleistocene seems almost certain. 

Waiau Glacial Valley. 

The southern portion of Marlborough is traversed by the Inland and 
Seaward Kaikoura chains, which are separated by the gorgelike Clarence 
Valley. Ten miles north of the Kaikoura Peninsula the seaward chain 
pursues a south-west course, whu*h carries it further and further inland, 
so that when it crosses into the prolongation of the Province of Nelson 
that protrudes itself between North Canterbury and South Marlborough 
it is no longer a seaward but an inland range of mountains, still forming, 
as it does further north, the southern wall of the Clarence Valley, 

Five miles south of the Kaikoura Peninsula there begins another coastal 
range that extends southward to Cheviot and North Canterbury. Between 
this coastal range and the Seaward Kaikouras, now an inland chain, there 
lies a wide, well-defined valley extending from the Upper Waiau and 
Hanmer Plains to Kaikoura. When standing at the Hanmer Kiver it is 
at once seen that this valley was the course followed by the ancient -Waiau 
Glacier as it flowed towards the sea, and also of the ^Vaiau Eiver before 
the cutting of the present gorge. 

The evidences of prolonged and intense glaciation are ever 3 rwhere present 
from the Hanmer Plains to the sea at Kaikoui‘a Peninsula, in the shape of 
smooth, flowing, ice-shom contours, truncated spurs, spurless ridges, isolated 
ice-grooved and whalebacked hills remaining in the floor of the glacial valley, 
rochet moutounees, and moraine debris. 

The Waiau glacial valley is easily identified, as the inland coach-road 
from Kaikoura to the Upper Waiau follows along its floor for the greater 
part of the way. It is not now drained by a trun¥ liver, but is crossed 
transversely by a number of large streams that descend from the southern 
slopes of the ^award Kaikouras, and reach the sea by deep, narrow gorges 
cut through the coastal range. Beginning at the Kaikoura end, we first have 
the Kahautara Eiver and its branches, then the Conway Eiver, and lastly 
the Mason Eiver, with its tributary the Lottery. These rivers have deeply 
dissected the ancient glacial floor, which, however, can be clearly traced at 
Greenhills, Highfield, and Mason. 

Near the north end of the chain of roches vmutonnees running along the 
floor of the glacial valley on the south side of the Conway, and locally know 
as the Whaleback,” there are piles of morainic debris mainly composed of 
angular lilocks of Amiuri limestone and Saurian greensand mingled with 
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greywacke drift. The angular blocks appear to have been plucked from 
the south end of the Whaleback, where they occur in situ, and carried to 
their present place, a distance of six or eight miles. Exposures of this 
glacial debris, but not the best, are seen on the coach-road soon after cross- 
ing the Conway going southward. 

h\ the overdeepened portions of the glacial valley there occur consider- 
able deposits of stratified sands and clays, in places containing seams of 
impure lignite. These deposits were probably formed in the period of 
fluviatile activity tha+ everywhere throughout the South Island appears to 
have followed the retreat of the Pleistocene glaciers. 

The Blaikoura Peninsula lies at the seaward end of the Waiau glacial 
valley, the course of which is about north-east to south-west. 


Art. XLVI . — The Geology of the Kermadec Islands. 

By W. Reoinald B. Oliver. 

[Mead hefoje the Philosophical Institute of Canlerhury, I9th October, IW.} 

Plates XXXn-XSVL 

The first account of the geology of the Kermadec Islands is contained jn 
a paper by Mr. S. Percy Smiii, F.R.6.S., written after a short visit to 
the group in 1887, in the Government steamer Stella.” for the purpose 
of annexing the islands to the Colony of New Zealand (Smith, 1888). 
Specimens of rocks collected by Mr. Smith were described by Professor 
A. P. W. Thomas, M.A., F.L.S. (1888, p. 311). Some general information 
regarding the group is given in Mr. Smith's report on the Kermadec Islands 
(Smith, 1887). The only other notes on the geoloay of the Kermadccs 
that I am aware of are the descriptions by Mr. E. Speight, SI.Bc., E.G.S., 
of a few rocks collected by Ehrofessor Park on Macauley and Sunday Islands 
(Speight, 1896). 

As a member of the scientifit expedition which was camped for ten 
months on Sunday Maud in 1908, among other things I made a collection 
of rocks, and noted is well as I was aWe the geological stiucture of the 
island. On the return journey to Auckland, Macauley Island, Curtis 
Island, and French Rock were visited in turn, when an opportunity was 
afioided of obtainii^ a few- specimens from these islets. The collection of 
rocks has been described by Mr. Speight, who in the same paper discusses 
the geological evidence for the existence of a subtropical Pacific continent 
(Speight, 1910). I propose now to describe the physical features and 
structure of the various islands of the Kermadec Group, and, in the case 
of Sunday Island, the order in which the different series of tuffs and lavas 
were laid down and the island thus built up by volcanic action on a sub- 
base- The names used here for the rocks are taken from Mr. 





Trans. N.Z. Inst., Vol. XLIII. 


Plate XX. 
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FaftjTED Moraine, Heaver’s Creek, Kekerangu, Marlborough. 
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bpcights papa and the coiiespondinf^ nTimbers of the speciintub are 
quoted m evei\ case Foi much help fieeh gnen I be^ no-Vi lo tender 
m^ smceie thanks to Mi Speight 

Su^DAY IbL\M)~PHlSICA.L FeAIUPE'n 

Sunday' Island is loughly tiiuigulai in shape Its j^icatcs^* length is 
10 5 km , and its aiea 29 25 sq km The pitsent cistei oblong in shape, 
the iongei dianietei being about 3 3 km occupies & UiuQ poition of the 
island, and contains three lakes (hg 1 and Plate XXIII) Fron the ciatei 
iim theie bianch off thiee mam iidgcs — one luns noith \\est fiom Expe 
dition Hill to Hutchison Bluff anothei south west fiom Mount Junction to 
Smith Bluff, the thud south eist fiom Moiunoukai to the east c o ist These 
with then lamifications form piacticalh the whole ot '^undat Isl md 
With the exception of some le%el giound in D nhain Bi\ m tJie cratei 
and on Low Flat and the adjomiiio Terraces tlu whole of the suiface of 



bunday Island consists of a senes of naixow ndgos and deep lavmes High 
cliffs are frequent both along the coast and inland This extiemely tough 
island, which, though small, is difficult to tiavel over, has by the action 
of sea and ram been modelled out of a volcamc cone composed mamty of 
pumice and other andesitic tufe 

Gieen Lake appears to have been the centre fiom which the last out- 
binsts of volcanic activity proceeded The water is of a dark bottle-green 
colour, and has a strong Saline taste 

At the foot of Exp^ition Hill is a small sheet of fresh water known as 
Tui Lake, hidden in the forest It is difficult to give reasons for the presence 
of this lake, as, on account of the porous nature of the sod, nowhere else 
on Sunday Island does water he m small hollows. 

Blue Lake, which is nearlj circulai in outlme and vciy shallow, hes 
between the small or inner ciater-ndge surrounding Gieen Lake and the 
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north side of the large or, as I will refer to it later, Sunday crater ridge. 
The bottom is a blue volcanic mud, and the water is clear, fresh, and good 
drinking. 

South Bay Gorge bears witness to the vast amount of material removed 
by subaerial denudation in Sunday Island. The ravines which intersect 
the hills in all directions are deep, with steep, often precipitous, sides ; while 
the tops of the ridges are narrow, usually 2 m. or 3 m. wide, and some- 
times, where not protected by vegetation, razorback edges. The bomidary- 
ridges of South Bay Gorge are pushed back by the action of rains con- 
^tantly removing the tufis ; hence towards Denham Bay and Scenery Bay 
they present convex outlines. The largest valleys on Simda}' Island — 
namely, those which descend to sea-level in South Bay and on the north 
coast, w'here one has pushed its way right back to the Denham Bay ridge — 
intersect the older tuffs of the Expedition volcano. Their basins are wide 
at first, but narrow to gorges at the coast. Hence the depth and shape of 
the valleys indicate their relative age. 

The greater part of the coast-line is formed of sca-cliffs. At their bases 
are boulder Leaches formed of fragments of lava set free by the disintegra- 
tion of volcanic tuffs. There is a beach composed of coarse gravel in 
Denham Bay, while at the base of the Terraces and on Low Flat are some 
sandy beaches. 


Herald Islets. 

A group of seven rocky islets lying to the north-east of Sunday Island, 
and known collectively as the Herald Islets, may be divided according to 
their geological character into three sections — (1) Meyer Island, (2) Napier 
and Nugent Islets, (3"^ Dayrell and the Chanter Islets. 

Meyer Island, 

MeycL* Island is composed of beds of a c,ompact yello\v andesitic tuff 
(No. 5*), dipping to the north-west at an angle of about 46°, Lava dykes 
traverse these beds in various directions, but the general trend is from 
botw'een north and north-west to between south and south-east. A large 
dyke composed of dark-grey augite-andesite (No. 8) runs in a due north-and- 
south direction in the northern islet. The soil on Meyer Island is the loose 
weathered surface of yellowish andesitic tuffs (No. 10), which, from being 
continually overturned by burrowuiig shearwaters (Pufiinus assimilis and 
P. chlororhynchus), is constantly moving downhill. In a small gully on the 
western slope is a bed of hard yellowdsh-grev fine-grained tuff (No. 18), 
containing impressions of leaves, apparently belonging to the species 
Iihopalostylis Baueri and Oorynocarpus laevigata, A few plants of Coryuo- 
carpus are still to be found on Meyer Island, and both species occur on 
Sunday Island. 

Napier Islet, 

Napier Islet is coniposed almost entirely of beds of lava, enclosing here 
and there blocks of coral, dipping to west-north-west at a high angle. 
Fragments of coral, calcite incrustations, and w'ater-wom stonos were col- 
lected on the summit ridge about 6(^ m. above sea-level. I am indebted 

* These numbers refer to the spmmens described by jVIr. Bpoight, who xii»es the 
numbers originally given to them by me at tho time of collecting (Speight, 19 ] 0 ). 
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to Mr. Speight for the folio win o description of a specimen of lava collected 
on Napier Islet : — 

No. 11.— Augite-hypersthene-aiidesite. Forms a large part of Napier 
Islet, and encloses blocks of coral. 

Macroscopic : A dark-grey rock with small phenocrysts of feldspar 
(ieaiiy ^ible throughout. Specific gravity, 2*83. 

Microscopic : The gi'omidmass consists of basic labiadorite micro- 
lites, grains of augite, and iron-oxides, with a little brownish glass present. 
Phenocrysts of basic labradorite are verj^ common, and contain numerous 
glass inclusions. The dominant F.M. mineral is hypersthene in large crystals 
with characteristic cleavages and pleochroism ; augite grains are common, 
frequently twinned, and with oblique extinction. There is a little olmne 
present in the form of small grains stained with iron-oxides.*’ 

Day r ell Islet. 

Dayrell Islet consists mainly of beds of submarine origin, dippmg to the 
north at a low angle, about 5°. The lower beds are composed of hard 
sandy tuffs containing fossils, the upper ones of a w^hite calcite rock. These 
are covei'ed by andesitic tuffs (No. 20), wliilsl lava dykes pierce the islet 
in various directions. The Chanter Islets are similar in structure to Davrell 
Islet. (Plate XXIV, fig. 1.) 

On one occasion only I was able to land for about half an hour on Dayrell 
Islet, when I collected a number of fragments of molluscs and corals. The 
corals have not yet been examined. Of five species collected, I recognize 
only one among those found living in the group. The molluscs include the 
following : Turbo argyrostomxis L., Fupura,^ Clnnculus. Risella, Trochus. 
Antalthea, Spondylus ostroides Smith,* Pecten Tcenhadecensis Watson,* 
(^hama, Ghione. Area decussaia Sow.* Those species marked with an 
asterisk (*) also occurred among the recent shells collected on Sunday 
Island. I am indebted to Mr. C. Hedley, F.L.S., of Sydney, for the 
identification (though he expresses some doubt) of Turbo argyrostomus L. 
Recent examples of this species have never been obtained on Sunday Island, 
though M . R. S. Bell knows the fauna well. 

Structure of Sunday Island. 

Long lines of high cliffs afford splendid opportunities for observing the 
structure of Sunday Island, Here will be described the arrangement of 
the various volcanic beds as seen in typical sections in different portions of 
the island. Further on in this paper an attempt will be made to describe 
the order in which the material was ejected from the different centres of 
eruption. 

At the south end of Denham Bay a horizontal stream about 10 m. thick 
of greyish andesitic basalt (No. 38) is exposed for a considerable distance. 
Unfortunately, one end is buried under fallen cliff debris., but evidently 
it must terminate abruptly at the base of Expedition Hill (fig. 2). Above 
the basalt are beds of tuffs extending to the top of the crater-ridge and 
Mount Junction. These are arranged in two distinct series. The lower 
beds, about 60 m. thick, are arranged in perfectly horizontal thin even beds, 
which, I should say, have undoubtedly been deposited under water. They 
are composed of small fragments of andesitic rocks in a finer matrix, and 
include many larger rock-feagments. They contain no pumice, and be 
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referred to in this papei as the newer submarine beds.” The upper beds 
are irregular, and doubtless of suhaerial origin. They are composed almost 
entirely of andesitic pumice, including fragments of lava rocks. At th<* 
summit of Mount Jimction (472 m.) a small angular fragment of hornblende- 
granite was collected, and high up on one of its southern spuis, ovei 200 m. 
above sea-level, a larger boulder was noticed. 

In the cliffs beyond the beach the basalt-flow is seen to thin out and 
finally disappear. Entire cross-sections of other flow^ are also exposed. 
They are horizontal, of neaily uniform thickness foi most of their length, 
and taper at both ends. A specimen from one of these beds proved to be a 
dark-coloured augite-olivine-andesite (No. 26). At the base of the cliffs is 
a boulder beach composed mainly of fragments released from the volcanic- 
tuffs above as they weather away. At one spot was observed a large water- 
worn boulder of hornblende-granite about 50 cm. long. 

The sections of Big and Expedition Hills as exposed to view in Denham 
Bay show a series of lava-flows dipping at an angle of about 5® to the north- 
west. A specimen from one of these is a grey basalt (No. 37) ; another 
from a flow lymg above is a dark compact andesite (No. 21 Above the 
lava-flows are volcanic tuffs. 

A large landslip which occurred in Denham Bay some six years ago 
exposed a section of the cliff up to a height of 300 m. The lower part of 
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i^’w. ?. — Cliffs BaraiM Bay, Sunday Island. 

the cliff, however, is covered bv the fallen material. The section exposed 
shows no lava-flows, but a series of irregularly stratified be'ls of andesitic 
tuffs, not pumiceous, but containing angular fragments of lava rocks. 
These beds have a northerly dip. l^rthcr on a few beds dip at a high 
angle— about 40°— as though they had been undermined and slipped down ; 
they are adjacent to the next-described submarine series. 

At the north end of Denham Bay the series of beds corresponds in part 
to those at the south end. At the base is a horizontal flow of andesitic 
basalt (No. 39), then about 60 m. of evenly stratified submarine tuffs covered 
by subaerial tuffs, which, however, are not pumiceous. Below the lava at 
one place a little tuff containing some decomposed wood is exposed. 

The extreme point of Hutchison Bluff is quite a bare cliff 300 m. high. 
It consists entirely of irregnlar beds of andesitic tufb. These tufe consist 
of a coarse-grained gritty rock, which weathers quickly, containing small 
fragments of lava. On the north coast, from the Terraces (which cover 
the bases of the higher eH&) to near the bluff there are two distinct series 
of beds, the upper ones superimposed on the eroded surface of the crumpled 
lower beds. The upper beds are composed entirely of andesitic Aufe (with 
no pumice), and, dipping generally but slightly to the westward, pass 
beyond the lower be^ near Hutchison Bluff. The lower beds consist of 
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tlmi even strata of tufis whict I take to be of submarine origin (refeired to 
as the ‘‘older submarine series”). The stratification is perfectly even, 
though the beds are now tilted in short sections alternately to east and 
west, as though great lateral pressure had be<u\ brought to bear. In two 
places they are pierced hy small intrusions of augite-andesite. 

At Hutchison Blufi a core of lava, about 8 m. wide, of burnt and scon- 
aceous appearance has burst through the submarine tufe (fig. 3). On 
the western side a stream of augite-andesite 1 m. to 4*5 m. thick (No. 29) 
descends from near the top of the core at an angle of about 10°. 

Further to the east is another intruson of augite-andesite (No. 30). 
Surroimdmg the lava the tuffs are burnt to a brick-red colour. 

The Terraces are a comparatively recent addition to the north side of 
Sunday Island, and at the base of Big and Expedition Hills abut against 
<‘liffs which are a direct continuation of the sea-cliffs extending to Hutchison 
Bluff. They are composed entirely of pumice tuffs arranged in slightly 
irregidar but generally horizontal beds, apparently of subaerial origin. A 

specimen of pumice, Mr. 
Speight rnforms me, is 
andesitic in character. 
Fragments of lava 
rocks, sometimes 2 m. 
or 3 m. in diameter, are 
strewn thickly throiigh- 
^ out the pumice tirife. 

Fig. 3. — ^Iktrusion of Auoitj3 andesite \t Hutcuison -A-t the base along the 
Bluff, Sctndvy Ihlvnd. shore-line there is for 

the most part a boulder 

beach composed of fragments too heavy to be washed away hv the sea, 
which is gradually eating away the comparatively loose tuffs. Among the 
boulders I gathered samples of hornblende-granite* and andesitic pitch- 
stone (No. 2), and noted that the largest pieces of lava were identical 
in appearance with the andesites from a large flow of lava in the 
Sundav crater. Logs of charred wood, recoenwed as that of Metrosideros 
rdlosa^ the most abundant tree on Sunday Island, were noticed in the 
tuffs at the base of the cliff. The section exposed at Fleetwood Bluff shows 
No. I Teimce to have been formed during two distinct periods of eruption, 
in the inteiwal betwcou whicli two ^idc valleys some 20 m. deep were formed 
in the first deposited beds. On the hillside above No. I Terrace, about 
80 m. above sea-level, is a largo boulder of hornblende-granite. 

Ou the east coast of Sunday Island, at sea-level, is a stratum composed of 
rounded evidently water-worn Iioulders of all sizes up to 2 m. in diameter, 
cemented together by a sandy matrix. Above this and conformable to it 
are the newer submarine tuffs, intersected in Coral Bay by a large dyke 
running cast and west, and overlaid by a flow of basalt (No. 36), above 
which are pumice tuffs. 

In South Bay, near D’Arcy Point, at sea-level, is also a bed similar to 
that on the east coast, containing water-worn boulders. Several dykes 
with a general north-west trend intersect the newer submarine tuffs of South 
Bay. On the shore several small rounded stones of hornblende-granite 
were seen, 

* For a dcseription of the hornblende-granite Spdght, U)10, p. 201 
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Tlic cliffs in Scenery Bay present a series ol lava -flows horizontal in 
section, and cut by several dykes. Between the lower flows at D’Arcy 
Point are portions of beds of yellow andesitic tuff (No. 13) of submarine 
origin. A lava -flow at sea -level in Scenery Bay is composed of dark-grey 
andesitic basalt (No. 41). A specimen of andesitic basalt (No. 40) from the 
same locality was laken fi*om a dyke 2Tn. to 3 m. wide, and running north- 
west and south-east. 

Titi Knob, which is the name given to a small hill above Boat Cove, 
is composed of a mass of lava and tuff which shows little orderly arrange- 
ment, and is in places thoroughly mixed with coral. A typical specimen 
of the lava is composed of andesite containing many fragments of coral 
(No. 22). In one spot on Titi Knob is a rock showing planes of stratification 
and containing fossils (No. 26). It consists of a coarse gravel composed of 
grains 1 mm. to 3 mm. long cemented by white calcite. Included are frag- 
ments of lava up to 2 cm. long, coral, and moUuscan shells. I could not 
trace this for more than 2 m. or 3 m. in any direction. The fossils collected 
included fragments of the foUo^ving molluscan shells : Trochus. Nassa. 
Area decuBsata Sow. (1), Chione, 

The north side of the Sunday crater ridge consists of pumice tuffs con- 
taining numerous fragments of lava rocks and hornblende-granite. Here 
in several places angular fragments of the granite may be seen projecting 
from the cliff -face, and those which were extracted were easily crumbled 
to their coarse constituent grains, whilst on the shore occur numerous 
water-worn boulders of various sizes up to about 60 cm. long. The pumice 
tuffs rest on hard andesitic tuffs, apparently belonging to the newer sub- 
marine series. 

Within the crater on the western side of Blue Lake is a large flow of 
olivine-andesite (No. 34), dipping gently in a northerly direction, and which 
may be traced until its upper surface reaches the level of the lake and dis- 
appears under the pumice tuffs of the north side of the crater-ridge. Above 
this lava-stream to the summit of Mount Campbell, 285 m. above sea-level, 
there is nothing but pumice tuffs. 

At the base of Moumoukai, on the eastern side of Blue Lake, a good 
section is exposed. The lower beds, about 40 m. in thickness, are evenly 
statified horizontal yellow andesitic tuffs (No. 14) of submarine origin and 
similar to those at D’Arcy Point, but differing in their composition to the 
larger series of newer submarine beds which enter so largely into the for- 
mation of the lower portion of Sunday Island. Above the snbmaiine beds 
of Moumoukai is a stream of andesite (No. 9) identical in external appear- 
ance with the olivine-andesite on the opposite side of Blue Lake, and ap- 
parently only another part of the same flow. Above this are several other 
lava-flows, while the upper half of Moumoukai, in common with the whole 
upper part of the large Sunday crater rim. is composed entirely of pumice tuffs. 

The inner crater surrounding Green Lake also consists of pumice tuffs. 
On the southern shore of the lake was found a fine-grained tuff (No. 32) 
containing rounded bombs. 

From the foregoing description it will be gathered that Sunday Island 
is a tuff cone, with here and there near sea-level a few lava-flows and dykes. 
In three places only — Moumoukai, within the crater; Big Hill, in Den- 
ham Bay ; and Scenery Bay — ^are there exposed to view cross-sections of a 
number of lava-streams. The floor of the crater is near sea-level, and 
cliffs exposing sections are the rule both within and without the crater, 
yet nowhere was hornblende-granite found m siVw. 
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Histoby of Sunday Island, 

The Herald Islets may bo looked upon as fragments of the wall of an 
ancient crater of which the greater portion has been demolished by the 
sea, and, though entirely detached from Simday Island, I have no hesita- 
tion 111 considering this crater Ihe first to appear in the vicinity of Sunday 
Island. There is no evidence to show that any land actually existed above 
sea-level in this locahty when the disturbance which resulted in the Herald 
crater took place. The presence of httoral marine moUusca and corals, of 
whi(*h many fragments are entombed in the beds of Dayrell and Chanter 
Islets, howevei*, indicates shallow-water conditions, and, even if a fragment 
of a once more extensive continental area did remain above the surface of 
the ocean, whatever living foims existed on it were entirely destroved by 
subsequent volcanic eruptions, as no characteristic continental forms’ of life 
are without doubt indigenous to the Kermadec Islands. 

The probable date of this eruption cannot, in a geological sense, be verv 
remote. Those fossil molluscs which have been identified with tolerable 
certainty all belong to hviiig species, most of them stiU existing in Sunday 
Island waters. One, Turbo arqyrostomus, is not known to occur alive in 
the Kermadec Group, but is found in Queensland and the Pacific islands. 
Bearing in mind the fact that about 11 per cent, of the vascular plants 
of Sunday Island are endemic, the newer Pliocene would perhaps be sufii- 
(‘iently far back for the age of the Kermadec Islands. 

Contemporaneous with the formation of the Herald volcano a small 
eruplion occurred in Boat Cove, Sunday Island. This also was chiefiy 
submarine, as what now remains of the crater-walls consists of andesite 
lava with many fragments of coral entangled (Hos. 22, 25). 

Meantime some yellow andesite tuffs (Nos, 13, 14:) and a little lava were 
being deposited under water further to the westward. These are now ex- 
posed at D’Arcy Point and on Moumoukai wdthiu the crater ; the crumpled 
older submarine beds at Hutchison Blufi also were perhaps deposited 
about this time. The land, however, was rising, and a series of eruptions 
followed, resulting in the formation of a third volcano, whose crater was 
on the eastern side of Expedition Hill (the probable position of the inner 
wall of this crater, which may be called the Expedition crater, I have 
indicated by the broken oblique line in fig. 2). To this volcano I assign 
practically all the lava on Sunday Island — ^namely, most of the flows and 
dykes seen in section in the cliffs in Denham Bay, Scenery Bay, and 
within the crater (rocks Nos. 21, 37, 40, 41, 9, 34). Over all was laid a 
thick covering of andesite tuffs, from which evidently was derived the 
material for the newer submarine series. 

After this copious outpour of lava the volcanic forces apparently were 
suspended for a while, a boulder beach was formed along the shore-line 
(which at one spot on the east coast and another in South Bay, co- 
incides with the present shore-line), and the walls of the Expedition 
crater were considerably denuded by marine and subaerial agencies. Next 
followed a period of subsidence, denudation proceeding apace, resulting in the 
deposition of the newer submarine series. (Plate XXV.) Meantime somi* 
lava (Nos. 38, 39, 26) weUed up and flowed in horizontal sheets in Denham 
Bay, and later some dykes penetrated the tuffs in other parts. At the 
base of the cliffs in Coral Bay I extracted a large Trochus shell, heionging 
to a species still living in Sunday Island, from a rough angular block of 
lava. This could only have come from a laya-flow some height up the 
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clifE. The amoimt of subaideiice can l)e gauged hy the thiekiiesb of sub- 
nidiiiie tuffs — ^Jiamely, about 60 m. These submarhie beds wore covered 
With, a considerable thickiiosb of andesite tuffs with irregular b'^dding, pro- 
l)ably ejected from the Denham Bay crater. Upheaval afterwards look 
place, and has continued till the present time, the island meanwhile being 
('onsiderably reduced by the action of sea and rain. 

An eruption resulting in the present large, or Sunday, crater was the 
hist serious attempt of the island to add to its size. A violent outburst 
forced a way through the lava-flows forming the northern slopes of the 
Expedition volcano. No molten rock came to the surface in this new crater ; 
only pumice tuffs containing numerous fragments of lava rocks and fewer 
of hornblende-granite and andesitc-pitchsxiouc (No. 2). The lava-streams 
of the northern slopes of the Expedition volcano were shattered to frag- 
ments, some of which, 2 m. or 3 m. in diameter, wore hurled up as far as 
Fleetwood Bluff. The pumice tuffs ejected from this crater form, as far as 
1 can judge, the whole of the lower northern portion of the crater-rim, 
Mount Campbell and the upper part of the crater-rim resting on the 
extinct Expedition volcano. The Terraces, which originally must have 
joined the crater and extended for a considerable distance out to sea, were 
also the product of the Sunday crater. In describing their structure I 
have already pointed out that the largest boulders freed by marine denuda- 
tion at Fleetwood Bluff are identical in external appearance with specimens 
(Nos. 9, 34) from the great ruptured lava-stream within the crater. It is in 
the ejectamenta of tliis crater alone that fragments of hornblende-granite 
were observed. 

The struggles of the dying volcano of Sunday Island had not yet quite 
ceased, for an eruption on a small scale occiuTed within the very walls of 
tlic large Sunday crater, and resulted in the formation of a small pumice 
cone, of which Green Lake occupies the centre. The fine-grained tuff 
(No. 32) containing bombs is the product of the Green Lake crater. 

Recent Volcanic Activity on Sunday Island. 

Two eruptions have been recorded since the discovery of Sunday Island.** 
One occurred in 1814, and is recorded in the Stjdney Gazette of the 17tb 
September of that year (Smith, 1896) ; tb^ other took place about the year 
1872, and of this an account was prnited in tli(» Southern Cross (Steriidale, 
1884 ; Smith, 1888, p. 337). 

There are still many signs of vol(*aiii<* activity (ju Sunday Island. 
Earthquakes art* fairly treipient, aii<l are usually followed by small land- 
sbps. Four rather severe shakes and many slight tremors were experienced 
on Sunday Island during the flrst ten months of the year 1908. 

Fuma roles occur in several parts of Sunday Island. 

Macaulby Island. 

Macauley Island, distant 109 km. from Simday Island, is somewhat 
circular in outline, and entirely surrounded by cliffs, which can be scaled 


* Hr. H. L Jensen (Proc. Linn. fcJoc. N.S.TV., voL 31, p. 601) states that a violent 
eruption occurred in the Kermadeo Islands in 1902. Tin's may be a slip of the pen, as 
the vegetation in the crater has apparently never been disturbed faince the new growth 
after the outbreak of 1872, and the inhabitants did not mention an occurrence, though 1 

believe Sunday Island may have been deserted about the year 1902. 
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al one place only, the Lava Cascade. Mount Haszard, the liighest point 
above sea-level, 230 in., is near the western side, and from here the land 
slopes away gradually to the eastward. Several deep ravines have been 
cut through the pumice tuffs by the action of rain-water. 

The base of the island is composed of flows of basalt (No. 42). the upper 
surface of which, from being fairly high in the western cliflts. falls rapidly 
at fu‘st, and is then nearly borizontal. The basalt collected by !Mr. Smith, 
and described by Professor Thomas (1888, p. 312), came from the Lava 
Cascade, which, according to Mr. Smith (1888, p. 341), belongs to a period 
later than that to which belongs the flows represented by rock No. 42. 
Above the basalt were beds of andesitic pumicc (No. 43), averaging 
about 75 m. in thickness. From these beds Mr. Smith collected pitch- 
stone, obsidian, and pumice, and from the surface of the island a basaltic 
scoria (Thomas, 1888, pp. 312, 314), which forms licds of considerable thick- 
ness overlying the pumice tuffs. (Plate XXH", fig. 2.; 

Haszard Islet is composed of lava, pumice, and scoria corresponding 
in the relative position to the bods of Macauley Island, but dipping in the 
opposite direction. 


Curtis Island. 

Two islets, the smaller of which is evidently but a detat*hed portion 
of the outer edge of the crater-rim of the larger, are distant 35 km. from 
Macauley Island, and separated from one another by a strait about 400 m. 
wide. The larger islet is a crater-rim, one side of which has been broken 
away, giving place to a small inlet (Macdonald Cove), in which a landing 
can be effected in easterly weather. The inner side of the crater-rim is 
mostly precipitous, and appears to be composed mainly of volcanic tuffs. 

Over the crater-floor, about 4 m. above sea-level, are scattered many 
holes full of boiling water or mud. and much sulphur and siliceous sinter. 
The sea-w’’ater near the landing is kept quite warm by the hot water flowing 
into it. (Plate XXVI.) 


French Rock. 

This most southern member of the Kermadec (Jroup, diatant 83 km. 
from CJurtis Island, is a mere rock about 250 m. in length, rising to a height 
of about 50 m. above sea-level. It is composed of lava, including olivine- 
andesite (No. 46), much bmnit and scoriaceous in places, and pierced by 
dykes. 


Conclusion. 

Here I propose to summarize the evidence relating to the origin of the 
Kermadec Islands, referring firstly to that indicating a continental ex- 
tension, and secondly to the several lines of evidence supporting the sup- 
position that the islands have never exceeded much their present area. 

According to Mr. Speight, the occurrence of many fragments of horn- 
blende-granite in the pumice tuffs on the north coast of Sunday Island in- 
dicates the presence in close proximity of a granite foundation which at 
one time no doubt formed a land-surface (Speight, 1910, pp. 244, 249). Mr. 
Speight considers the claims of the islands to be classified as continental 
are worthy of serious consideration, and adduces certain lines of evidence., 
chiefly biological, to support this view. 
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The only tuSs from which frai>meiit& of hviniblende-grtimte were dctudUy 
taken were those ejected by the last, or prcbcnt, large crater of Sunday 
Island, and the presence of all the bouldcis noticed on the sea-shore and 
elsewhere can be explained by the release of fragments conBe<[u<‘nt on 
the removal of the exposed face ol sea-cliffs and &urfa(*c of the tnffs by 
marine and snbaerial doniindation. My observation, therefore, support the 
opinions expressed by both Mr. Smith (1888, p. 344) and Professor Thomas 
(1888, p. 315) — namely, the presence of boulders of plutonic rocks on Sun- 
day Island could be explained by the supposition that they have been 
brought up from great depths by volcanic agency. 

In the foregoing description of the geological structure of Sunday Island, 
and attempt to deduce therefrom the history of the island, I have endea- 
voured to make it clear that (except for the inclusion in some of the lavas 
and tuffs of coral and hornblende-granite respectively, and some calcite 
no doubt derived from coral in the Herald Islets) Sunday Island and the 
adjacent Herald Islets are built up entirely of volcanic materials ejected 
from five principal points of eruption. The first eruptions were submarine, 
but shallow-water conditions obtamed. Elevation then took place, and 
much lava flowed above sea-level. The land-surface was afterwards con- 
siderably denuded, and during a temporary subsidence volcano tuffs were 
deposited under water. Lava -flows were meantime becoming less frequent, 
and finaUy ceased, but the ejection of tuffs above sea -level, the last of which 
were entirely pumiceous, continued for a long period, so that the main 
portion of the islands at the present time consists of tuffs which are 
rapidly disappearmg into the ocean. The geological structure of Sunday 
Island, therefore, shows it to he built up iu comparatively recent times 
on a submerged base, and that it never exceeded its present dimensions 
more than can be accounted for by marine denudation.* 

The biological evidence which, with apparent exceptions, seems to sup- 
port the supposition of an oceanic origin for the Kermadee Islands vill 
now briefly be reviewed. 

From a study of the flora, Mr. Cheesemaii was convinced that the 
Kermadee Islands have received their plants by transoceanic migration 
{Trans. N.Z. Inst., vol. 20, p. 163). My further investigations, as far as 
I am able to judge, confirm his views. I pee uo plants m the flora whose 
presence in the group cannot reasonably be attributed to the agency of 
ocean-currents (drifting logs), wind, and birds. 

As illustratina classes including land-animals the Gastropoda and Crus^ 
tacea may be mentioned. About eighteen terrestrial species of the former 
and fewer of the latter weie collected. They agree in being all small, and 
in this respect what ought to be expected of members of these classes 
capable of crossing wide stretches of ocean, where floating trees have pro- 
bably been the means cf transport. 

li the piesence of migratory birds in numbers at certain seasons of the 
year is an indication of the spot being on an old shore-line, then the Eer- 
madec Islands affoid little eridence of this charactei for such o connection. 


♦ The island Eua, in the Tonga (iroup, has, according to Mr. J. J. Liater, had a his- 
tory closely parallel to that of Sunday Island as sketched in this paper (labbro occurs 
aw boulders on the shore, while garnet and tourmaline arc found in the volcanic tuffs 
{Lister, Quart. Jour. GeoL Soc., voi. 47, p. 500). Mr. H. I. Jensen's views with regard 
to Eua, however, are similar to Mr. Speight’s conceminu Sunday Island quoted above 
t Jensen, Proc, Lmiu Soc. N.S.W., vol. 31, p. tUl). 
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Occasionally stragglers find tieir way there, but no migratory birds can 
1)6 considered re^ar visitors to the group. 

The presence in the Kermadec Islands of the Pacific rat {Mus exidam), 
the candlenut-trce (Aleurites moluccana), and the Polynesian ti (Cordyline 
te/rminalis) is perhaps suggestive of a continental connection ; but I have 
given reasons elsewhere for supposing these to be introduced by Natives, 
of whose occupation on Sunday Island there is ample evidence (Oliver, 
1910, p. 137 ; also see p. 539 of this volume). 
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.4rt. XLVII. — Tslotcs on Reptiles and Mammals in the Kermadec Islands. 
By W. Reginald B. Oliver. 

[Read before the Philosophical Institute of Canterbury, 1st June, 1920.'\ 

There are neither land - reptiles nor land - mammals indigenous to the 
Kermadec Islands, the group presenting in this respect one of the main 
ieatures of oceanic islands. VTien the islands were discovered rats were 
plentiful, but reasons will be given below for considering them as intro- 
duced through the agency of man. Two marine animals— the green turtle 
and the humpback whale — ^regularly visit the group, while others are occa- 
sional visitors. 
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Mr. R. S. Bell, of Sunday Island, informed me that besides the grot'n 
turtle oin* or two individuals of another species, probably the hawksbill, 
have been noticed fi’om the shore. Mr. T. F. Cheeseman, F.L.S., F.Z.S., 
mentions a water-snake, which, from the description given liim by Mr. 
T. Bell, h(‘ supposes to be Pelamys hicoJm' (Cheeseman, 1888). 

On several occasions during September, 1908, 1 observed dolpliins in 
Denham Bay. Sunday Island. Mr. Bell says that the sperm whale huvS 
been seen from the north coast of Sunday Island. On one occasion a 
portion, about 2 ft. long, of a large cuttlefish was cast up on Low Flat 
Beach. This fragment was possibly the remains of an animal which a 
whale had made a meal from, as it is known that sperm whales kill and 
eat these gigantic cephalopods. 

The following notes are mainly from material gathered during a ten 
months’ stay on Sunday Island, in 1908, as a member of the scientific 
expedition which originated vith Mr. W. L. Wallace, of Timaru. 

Chelone mydas. (Green Turtle.) 

A large female specimen of the green turtle was shot by Mr. R. S, Bell 
ofi the rocks at the south end of Denham Bay on the 23rd May, 1908. 

Turtles were noticed chiefly during the summer months — January to 
March — often as many as five or six being seen at one time. An ob- 
server standing on the shore at a little height can watch them browsing 
on a species of alga {Pterochdia capilJacea), which grows abundantly on 
rocks in water dovii to about 5 m. in depth. Apparently, whilst in Sunday 
Island waters turtles eat no other kind of food. Every few minutes the\ 
come to the surface for a few seconds to breathe, but on the slightest alarm 
these timid reptiles swim sviftly away. They do not breed in the Ker- 
madecs, but go north to warmer regions. 

Megaptera hoops. (Humpback Whale.) 

A few humpback whales were noticed in Denham Bay in the latter part 
of August, 1908. During September their numbers increased, while in 
October and November they were common all round Sunday Island ; at 
Macauley Island also, on 12th November, a large number were seen. They 
had their calves ^^ith them, and probably were migrating southAvardi. 
During their northward migration they are not seen from Sunday IsLuid. 

Mus exulans. (Pacific Eat.) 

Specimens of the Pacific rat examined on Sunday Island agree in every 
particular with those from Funafuti, as described by I^Ir. E. E. Waite, 
F.L.S. (1897, p. 174), except that the under-surface, including inside of 
limbs, is light huff, or sometimes pale grey ; fur pale grey at base ; upper 
surface of feet light buff, hairs short ; hairless parts of feet pink. 

Skulls of Sunday Island examples appear to be proportionately more 
slender than the skull of the Funafuti specimen. The zygomatic arch is 
less prominent, thus giving a smaller breadth, whilst the nasal bones are 
narrower. These differences are apparent in the table of measurements 
given below, where the corresponding figures recorded by Mr. Waite for 
the Funafuti specimen are given for comparison. 

Of thirty-four specimens of rats from Sunday Island of which I have 
measurements, I select the ten largest of each sex as best showing the size 
oi fuU-grown individuals : — 
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Thus the male is, on an average, larger than the female. Apparently 
in the female the tail is proportionately longer than it is in the male; hut 
this is probably due to the fact that the males are the more pugnacious, 
and consequently have their tails bitten more frequently. A large number 
of specimens collected for examination had to be rejected because more 
or less of the end of the tail was missing. 


Measurements of Skulls of Rats from Sunday Island; also Measurements 
of Skull of Rat fiom Funafuti for Comparison. 


I Mm. 

Greatest length . . . . 33-5 

„ breadth . . . . 15-o 

Nasals, length . . . . 13-2 

„ greatest breadth . . 3*5 

Interorbital breadth . . . . 54 

Brain-case, breadth . . . . 13*5 

Diastema . . . . . . 9-U 

Anterior palatinal foramina . . 5*5 

Condyle to incisor-tip . . 31-5 

Coronoid-tip to angle . . 9-6 


Sunday Island. 


Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

33-5 

34-6 

34-7 

35-5 

35-0 ? 

164 

16-8 

16-0 ? 

16-5 

17-6 

13-0 

13*5 

13-0 

13-5 

14-0 

3-5 

3*4 

3-5 

3-6 

4-0 

3-6 

5*5 

6-3 

5-0 

3-5 

13-5 

13*8 

14-0 

14-0 

13-6 

9-6 

10-0 

10-0 

10-0 

9-0 

6-5 

5*7 

6-7 

•6-4 

5-7 

22-6 

22-5 

23-0 

244 

23-0 ? 

10-0 

1 9-5 

9-8 

10-0 

9-2 
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HahUs, 

During the first week in January, 1908, few rats were seen, but their 
numbers increased gradually, until in March and April they were plentiful. 

In JuiK^ rats were very numerous about our camp in Denham Bay, 
being seen frequently in the daytime, but more especially in the evenings, 
when they invaded our whares.* They searched everywhere for food, but 
did not gnaw into any of our boxes. Although naturally timid, they would 
explore every part of the whare if we kept quite still, and, as soon as the 
light was out, jump up on the table near which two of our party slept, and 
would sometimes even run over us as we lay in our bunks. We poisoned 
them periodically with arsenic, but it merely checked their numbers for 
a few days, after which they appeared as numerous as ever. 

As showing the large number of rats that exist on Sunday Island, the 
following figures are given on the authority of Mr. E. 8. Bell. He estimated 
that in three years 44,000 were killed by poisoning and other means, while 
on one occasion 173 were caught in a single night near the cultivations 
in Denham Bay by means of a trap made with a harbour-buoy. 

The rats decreased in numbers during July. In August, on wet even- 
ings but few were to be seen, but on fine nights a fair number came about 
our whares. During September and October very few were noticed. 

That the rats disappear into the ground during the summer months 
seems certain, for on one occasion Mr. R. S. Bell accidentally dug out one 
of their burrows and discovered a number of rats -which appeared some- 
what sleepy and dazed on being turned out into the daylight. During 
their out-season they usually retire to their holes in the daytime ; when 
surprised in tlie forest they immediately make for their burrows and dis- 
appear. It is probable that they breed in the grotmd, as young ones 
were noticed chiefly at the end of summer. 

Their food consists principally of fruits. Bananas, oranges, passions, 
grapes, and figs all disappear before hordes of rats, and the settlers on 
Sunday Island must protect their fruit-trees if they wish to have any share 
of the fruit. A piece of tin nailed round the stem at a distance of about 
2 ft. from the ground wiU prevent rats from climbing the tree, hut bananas 
must be cut just as the first signs of yellow begin to appear in the fruit, 
and placed in some position where rats are unable to get at them. 

Sunday Island rats are not strictly frugivorous, but, on the contrary", 
wiU eat any kind of food. Birds and their eggs, when they are to be ob- 
tained, are eaten, also the flesh and fat ol goats, while specimens of rats 
I had gathered for examination -u’lieii throwm out w^ere usually devoured 
by their own kind. The beacho.s were eonstiintly searched, and any fish 
or other animals cast up by the sea eaten by rats. 

Origin of the Bat in the Kerynadecs. 

When first discovered by Europeans, Macauley Island was described as 
having a “ great number of rats and mice ” (Watts, 1789, p. 228). There is 
no similar record for Sunday Island, though this island is now overrun with 
the Pacific rat (J/wa exulans), which could scarcely have been introduced by 
Europeans, who have been the only \dsitoTS to the group since its discovery, 
a little more than a hundred years ago, and who would have introduced, 

* Hats made of a framework of poleH, with sides and roofs of rushes, palm-leaves, 
or bauana-leaves. 
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\t any, tlie more 'widely dibtributed and powerful f^rey ajid black rats. 
These, however, are unknown in tli^ Kermadec&. 

Piemai'king on Lieutenant Watts’s naiTative, Mi*. Cheeseman says, 
" Thib would seem to ptove that the species, whatever it may be, is tnily 
uidigenous” (Cheeseman, 1888, p. 163). Mr. 0. Thomas, in his note on 
some rats collected on Sunday Island says that the Pacific rat “ has 
pro])ably travelled from island to island in Native canoes, or on floating 
Jogs, &c.” (Thomas, 1896, p. 338). Now, if floating logs carried rais to 
llie Kermadecb in the first instance, then the species would be tinly indi- 
genous, provided it had not been introduced through the agency of man 
to the countr}’* whence it migrated to the group. 

The Kermadec Islands are. from a biological standpoint, oreanic in 
character. In order to reach the groups, therefore, rats must cross about 
six hundred miles (1,000 km.) of ocean, which is the distance to the nearest 
land. The time which would he taken by a floating tree drifting this dis- 
tance negatives the possiblity of rats reaching the group in this manner. 

The Pacific rat occurs in all the principal groups of islands in the 
Pacific Ocean. As many of the inhabitams of these islands used it as an 
<irbicle of food, it would often be carried intentionally from one island to 
another. Probably, however. It was more often carried accidentally in 
the Native canoes. Being a small, timid, and harmless animal, it would not 
be troubled much by the Native navigators, and this, possibly, may explain 
its uide distribution. 

On Sunday Island there have been found from time to time stone axes 
of a similar pattern to those made by Maoris. Other evidence of Native 
occupation of the group is furnished by the large holes on the Terrares, 
which, from their position, number, and size, have e\udently been made 
by some Native race. Probably they were chiefly ruas, or storehouses 
for food. In some of the larger holes, however, were large water-worn 
stones, no doubt brought from the beach below. These larger holes may 
he hangis where the Natives prepared their ti-root. 

There is no doubt then that the Kermadec Islands were at one time 
i^ihabited by Natives, and it is by them, either accidentally or intentionally, 
that I consider the rat has in all probability beeii introduced.* 


List of irorA’5 refermuj to Sunday Island Bat. 

1789. Watts, lieutenant : Chapter xx of '' The Voyage of Governor PhiUip 
to Botany Bay.” London. 

1887. Smith, S. P. : '' The Kermadec Islands ; their Capabilities and 
Extent,” p. 24. Wellington. 

1888. Cheeseman, T. F. : “ On the Flora of the Kermadec Islands ; with 
Notes on the Fauna.” Trans. N.Z. Inst., vol. 20, p. 163. 

1896. Thomas, 0. : Proc. Zool. Soc., 1895, p. 338. 

1897. Waite, E. E. : “ The Atoll of Fxmafuti, Ellice Group ” (Mammals). 
Mem. Aust. Mus., 3, p. 165. 

* In my paper on the “ Vegetation of the Kermadec-s (Trans. N.Z. vol. 43, 
p. 173) I have included the oandlenut [Aleurites moluccami) and the Polynesian ti (Cord^- 
line terminalU) in the list of introduced plants, as they are not distributed generally in 
the forest, but are found only in habitable parts of Sunday Island, where they appear 
to be survivors of the abandoned cultivations of a Native race. 
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Art. XLVIII . — On Some i^alypiobhbf Jlydroids from the Kermadec Islands. 

By F. W. lliLUEXDOiip, M.A., D.Sc. 

\Jteifd before the PhiloaopJiical Inbtitate of Canteibury, let June^ 1910.'] 

Ik 1908 a small paity of naturalists sailed to tlie Kermadec Islands by the 
New Zealand Government steamer, and stayed on the islands for about 
ten months — that is, until the next voyage of the steamer to the islands. 
During their stay Mr. W. R. B. Oliver, of Christchurch, collected some 
hydroids, and it is through his kindness that I am able to describe those 
mentioned below. 

There is, as far as I can find, no previous record of any hydroids from 
this group of islands. From their geographical position it would be supposed 
that the affinities of the fauna of the group would be mainly with New 
Zealand, since it lies only about eight hundred miles north-east of Auck- 
land, and this supposition is supported by the few hydroids found. The 
hydroids of New Zealand itself have not been at all completely examined. 
The species described prior lo 1895 are catalogued by Farquhar in the 
Transactions of the New Zealand Institute,” vol. 28. p. 459, and to that 
catalogue I shall refer for all papers and synonyms up to that date. 

Since Farquhar’s list appeared I can find only the three following papers 
on hydroids from the New Zealand region : viz., Hilgendorf (Trans. N.Z. 
Inst., vol. 30. p. 2(X)), Hartlaub (ZooL Jahrbuchern, 1901, p. 349), Benham 
(Subantarctic Islands of N.Z.. p. 306). 

Besides the hydroids, the collection as handed to me contained a part 
of a skeleton of an antipatharian, part of a madreporian coral, several floats 
of a species of a Physalia, one or two Polyzoa, and some eggs of molluscs. 
Most of these, however, were not in a fit state for determination or descrip- 
tion. They remain in my hands. 


Campanularia caliculata var. makrogona (V. Lendenfeld). 

(For references and synonyms, see Farquahar, Trans. N.Z. Inst., 
vol. 28, p. 459). 

Ilah . — Dunedin Harboui* and Wellington Harbour, in New Zealand ; 
Australia ; Kermadec Islands (on seaweed, Denham Bay, Sunday Island). 

In reference to Cam panuhna, Hartlaub (loc. cit.) correctly points out 
that in my paper in Trans. N.Z. Inst., vol. 30, I was wrong in transferring 
Campanularia and Eucopella to Hypanthea, since this last genus differs from 
the others in its reproduction. 

Haledum tenellum (Hincks). 

H. tenellum Hincks, Ann. Nat. Hist., 3rd ser., vol. 8, p. 252 ; Brit. 
Hyd. Zooph., p. 226. H. lahrosum Alder, Ann. Nat. Hist., 3rd ser., 
vol. 3, p. 354. 

Hah. — England ; Australia ; Kermadec Islands (on Polyzoa, in Denham 
Bay, Sunday Island). 
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Two species of this genus liave been found in New Zealand, but neither 
here nor in Australia does the genus seem common. Bale (Cat. Aus. Hvd. 
Zoophytes, p. 65) says he has a specimen that he thinks is E. tenellum. and 
V. Lendenfeld (Proc. Linn. Soc. N.S.W.. ser. 1, vol. 9. p. 405) found speci' 
mens at Port Phillip that he was inclined to refer to this species, ily speci- 
mens were not quite typical, liaring a great tendency to produce only two 
cups. 

Sertularia minima (Thompson). 

(For synonyms and references, see Farquliar, Trans. N.Z. Inst., vol. 28, 
p. 462 ; also Hilgendorf, Trans. N.Z. Inst., vol. 30, p. 209.) 

Hab . — Timaini and Dunedin, in New Zealand ; Australia : Cape of C-lood 
Hope ; Kermadec Islands (on seaweeds cast up on Denham Bay boacli, 
Sunday Island). 

S 3 mthecium elegans (Allman). 

(For synonyms and references, see Farquhar, Trans. N.Z. Inst., vol. 28, 
p. 465 : also Hilgendorf, Trans. N.Z. Inst., vol. 30, p. 211.) 

Hab. — Bluff, Stewart Island, and Dunedin Harbour (New Zealand) : 
Kermadec Islands (Denham Bay, Sunday Island). 

The specimens were grotsing on the base of an AgJaophmia, to be men- 
tioned below. 

The inteiihecal spaces were longer than in previous specimens I have 
seen, being as long as the thecae measured along the outer curve. 

Plumularia setacea (Hincks). 

(For synonyms and references, see Faiquhar, Trans. N.Z. Inst., 
vol. 28, p. 466 ; also Hilgendorf, Trans. N.Z. Ifist., vol. 30, 
p. 214.) 

Ilab - — Timaru and Dunedin (New Zealand) ; Australia ; Europe ; 
Kermadec Islands (Denham Bay, Sunday Island). 

This is a very delicate form of the species, and only about | in. high. 

Aglaophenia laxa Allman, Figs. 1, 2, 3. 

J, Iftxa Allman, 1876, Jomii. Linn. vSoc. (ZooL), vol. 12, p. 275. 

Hab . — New Zealand ; Kermadec Islands (Denham Bay, Sunday Island), 
This species seems never to have been seen since Allman found it thirty- 
fotu years ago in a collection brought home from New Zealand by Mr. Busk. 
Allman placed the specimen only provisionally in this genus, owing to his 
not having seen the corbulae. My specimen showed these structures, and 
a description is attached. 

The whole specimen was creeping over a piece of sponge about 1 in. 
long and ^ in. wide. It is light brown in colour, and 1 J in. in height. The 
hyi&ocaulus is simple and sparingly branched, the sketch in fig. 2 show- 
ing the most elaborately branched hydrocaiilus found. The corbulae 
are about as long as one of the pinnae springing from the hvdrocaulus. 
Each corbula consists of a rachis, from which spring about 18 costae, those 
on one side of the rachis alternating with those on the other. The rachis 
is jointed for every costa. The costae are narrow, so that the corbula is an 
open basket closed only by the overfolding of the lateral projections from 
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tlie costae. These projections aie pooily developed on the pioximal two 
costae, and still more poorly on the distal two. Even on the medial costae 
the lateral projections are developed on only one side of the proximal por 
tion of each costa, bnt on both sides of th<' medial and distal portions. The 



Fkt. i. 



Fig. 2. 



Fig. 1 . — Aqlaophtnia hua; magnified. 

Fig. 2. — natural size. 

Pig. 3. — „ corbiila ; magnifierl. 


distal ends of the costae from one side of the rachis overlap the distal ends 
of those from the other side so as to close the corbulae above, and its 
extremity is closed by the upcurling of the distal end of the rachis. The 
specimen from which this description is taken is in the Canterbury Museum. 

Aglaophenia ? x. Fig. 4, 

This specimen is probably an Aglaophenia, but it is impossible to tell 
without the corbulae. I can find no previous description of any form like 
the one under consideration, and probably the species is new. 

TrophosoTM. — Colony 90 mm. in height, sparingly branched : all the 
pinnae are in one plane, so that the whole colony is somewhat fan -shaped. 

The pinnae are alternate. Colour uniformly brown. 
Hydrocaulus with two not very distinct nodes to each 
hydrotheca, one opposite the base and one opposite 
the bend of the hydrothoca. Hydrothecae close to- 
gether, not deeply inseii:ed in tho hydrocaulus, only 
slightly bent. The front wall of the hydrotheca o 
bulges considerably below the origin of the intrathecal 
ridge. The thecostome has two teeth on each side, 
and none in back or front. The intrathecal ridge 
springs from only the outer side, and is inclined at 
about 45° to the hydrocaulus. 

The mesial nematophore is very long, and projects 
for more than half its length clear away from the 
hydrotheca ; it stands almost at right angles to the 
hydrocaulus ; there are basal and terminal openings 
in this nematophore, but in the upper hydrotheca 
sketched on fig. 4 the basal opening has been ob- 
literated by faulty drawing. The lateral nematophore 
is long and strongly bent backwards, reaching more than half-way back 
over lie hydrocaulus. 

Gonosome. — ^Not present. 

ffaft. — Denham Bay, Sunday Island, Kermadec Islands. 



Aglaophmia f x; 
magnified. 
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Type in Caiiterbiuy Museum, under the name of AgUophenia? x. 
Kermadec Islands.” It is on the base of this specimen that SyntJiecium 
ekgans is growing. 

Aglaophenia ? y. Fig. 5. 

This is probably another Aglaophenia, but, like the last, cannot be 
identified in the absence of the eorbula. It also is 
probably new. 

Trophosome. — Colony 80 mm. in height, and 
probably more, as the specimen is obviously in- 
complete. The base of the hydroeaulus is 3-4 mm. 
in thickness, but it is incrusted by Pohjzoa and 
the hydrothecae of an undistinguishable hydroid. 
Colour of the main stem dark brown, and of the 
pinnae light horn ; the whole very much branched, 
giving a tangled mass of pinnae. The hydroeaulus 
bearing the hydrothecae is divided into very dis- 
tinct nodes, one opposite the base of each hydro- 
theca. The hydrothecae are relatively far apart, 
almost globular, deeply inserted, and have a dis- 
tinct bend in the middle ; they are much lighter in 
colour than the hydroeaulus. The thecostome is 
widely open, and has three teeth on each side. The 
Fig. 6. intrathecal ridge springs from the outer edge. The 

Aglaophenia? y; iJi^sial nematophore is closely applied throughout 

magnified. ' to whole length to the front wall of the hydro- 

theca, and opens just at its lip. The lateral 
nematophores are short, and directed backwards ; they do not reach to the 
node between the hydrothecae. 

Oonosome. — ^Not present. 

Hah, — Cast up on Denham Bay beach, Sunday Island. Kermadec Islands. 
Type in the Canterbury Museum, under the name of Aglaophenia ? g. 
Kermadec Islands.” 

The following table shows the distribution of the species : — 

KeixnadecB. 2Tew Zealand. Austialia. South Africa. Europe . 

Aglaophenia x 
Aglaophenia y 
Aglaophenia laxa 
3y7ithecium elegans 
Oampamdaria caliculata 
Se>tiilaria minima 
Plumuktria seiacea 
Haledum tenellum 
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Art. XLIX. — The Crustacea of the Keinutdec Islands. 

By CirARLES Chilton, M.A., M.B., D.Sc., F.L.S., Professor of Biology, 
Canterbury College, University of New Zealand. 

[Read hefote the Philosophical Institute of Canterbury, 7th December, 1910. \ 

The Crustacea described in this paper are mainly the result of collections 
made by Mr. W. E. B. Oliver and his companions during their stay on the 
Kermadec Islands in 1908, but included among them are several that liad 
previously been collected at the islands by Captain Bollons, of the Govern- 
ment steamer “ Hinemoa,” and by him kindly handed over to me. 

Mr. Oliver has very generously intrusted his whole collection to me for 
identification, and has supplied me with a number of notes on the occur- 
rence, habits, &c., of many of the species, most of which are incorporated 
below. The collection proves to be a very representative one of the ci*us- 
tacean fauna of the islands, including marine and shore forms, and also 
the few land and fresh-water species that were to be obtained. 

Altogether it comprises 83 species, grouped as follows : Decapoda, 47, 
Euphausiacea, 1; Amphipoda, 14; Isopoda, 10; Cirri pedia, 4; Ostracoda, 2; 
Branehiopoda, 1 ; Copepoda, 4. It will be seen that although the majority 
of the species belong to the Decapoda, as comparatively little attention 
could be devoted to the smaller forms, stiU nearly all the other divisions 
of the Cmstacea are represented. The identification of all the forms of 
the different groups has been a somewhat difficult task in the absence of 
any large collection of named specimens for comparison and of some of 
the necessary works of reference. I have endeavoured iu all cases to 
indicate the description on which I have relied for the identification, 
and, when necessary, to state briefly the points in which my specimens 
appeared to differ. 

A few Crustacea were obtained by the Challenger ” Expedition by 
means of dredgings in the neighbourhood of the Kermadccs, but so far as 
I am aware no previous collection has been made actually at the Kermadec 
Islands themselves, and it is therefore perhaps a little sinprisiiig that 
nearly all the specimens prove to belong to species already kjiown. A few 
new species are described, but the proportion of these is very small con- 
sidering that the collection comes from an absolutely new locality, and 
even some of these new species must be looked upon as confessions of 
ignorance. However gratifying it may be to describe new and pecidiar 
forms, it is still more pleasing to find how completely the more conspicuous 
members of the crustacean fauna of the seas surrounding the Kermadecs 
are now known. This prepares the way for attacking questions of dis- 
tribution. In this paper, however, I cannot enter fully into this matter, 
and can merely state that nearly all the marine and littoral species are Aus- 
tralian or Indo-Pacific forms, many of them being already known from the 
east coast of Australia, New Caledonia, Lord Howe Island, or Norfolk Island, 
though several are now recorded from this region for the first time. Com- 
paratively few of the marine forms extend to New Zealand. The affinities 
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Oi the few land and fresh-water forms are somewhat indefinite, owing to the 
incompleteness of onr knowledge of these forms from neighbonrbig lands, 
but on the whole they appear to show more connection -svith New Zealand 
than the marine forms do. 

A few of the species from the Kermadecs are of especial interest— 
the occurrence at these islands of the amphipod Eurythenes gryUus still fur- 
ther extends the distribution of this large amphipod, which has already 
attracted so much attention. It is perhaps worth while calling attention 
to the occurrence at the Kermadecs, and to the habits of Actaeojnot phn etosa, 
Cryptochirus cornlliodytes, and Porcellmiopagurus tridentntus. 

Sufficient information about the size, position, &c., of the Kermadec^^ 
will be found in the papers by Mr. W. R. B. Oliver" and 'Mr. E. Speight+ 
in a previous volume of the Transactions. Mr. Ohver has dealt sp< I'lalir 
with the botany, while some of the groups of animals have been already 
investigated by Mr. Edgar E. Waite,J Professor W. B. Benham.§ Dr. F. W. 
Hilgendorf,!! Professor H. B. Kirk,^ and Mr. T. Lredale. It will be 
sufficient to state here that the Kermadecs form a group of four islands 
lying in a line extending from Sunday Island (lat. 29° 60' S., long. 177° 
59' W.) to French Eock (lat. 31° 24' S., long. 178° 61' W.). The w'hole 
group lies about half-way between New' Zealand and the Tonga Islands. 

I have followed the classification given by Dr. W. T. Caiman in his 
account of the Crustacea in Eay Lankester’s “ Treatise on Zoology,” but 
as a matter of convenience I have placed the Decapoda first. Only those 
synonyms and references have been given that appear to be necessary. 

My hearty thanks are due to Mr. Oliver for the opportunity of examining 
the collection, and for the thorough manner in which he collected and care- 
fully recorded all the specimens available. I am also indebted to Pro- 
fessor Benham and Messrs. Waite and Hamilton for the loan of books from 
the libraries under their control. 


LIST OF SPECIES. 


Subclass MALACOSTEACA. 
Order DECAPODA. 
Suborder Natantia. 


Plesionika spinipes Spence Bate. 
Merhippolyte spinifrons (Milne -Ed- 
wards). 

Ahpe palpalis White. 
BhyncJioometes rugulosus Stimpson. 


Alpheus socialis Heller. 

? Arete dorsalis Stimpson. 
Synalpheus sp, 

Betaeus sp. 


♦ “ The Vegetation of the Kermadec Lslands,’* Tranb. N.Z. Inst., voL 42, p. 118. 
i t “ Petrological Notes on Rooks from the Kermadec Iblands,"* Trans. N.Z. Inst., 
p. 241. 

t “ A List of Known Fishes of Kermadec and Norfolk Islands, and a Comparison 
^ith those of Lord Howe Island,” Trans. N.Z, Inst., 42, p. 370. 

§ Stellerids and Eohinids from the Kermadec Itlands,” Trans. N.Z, Inst., 43, p. 140. 

11 “■ On some Calyptohlast Hydroids from the Kermadec Idands,” Tran^. N.Z. 
Inst., 43, p. 640. 

II “ The Sponges collected at the Kermadecs by Mr, Oliver,” Trans. N.Z. Inst., 
43, p. 674. 

♦* *'■ On Marine Mollusoa from the Kermadec Islands,” Proc. Mai. Soo., 9, pt. 1, 
p. 68 (Maroh, 1910). 

18— Trans, 
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Tramactions, 


Suborder Reptantia. 


Jasm hugelii (Heller). 

Themis orientalis Rumpb. 

Phglhsoma diiperreyi Guerin. 
Iconaxiopsis hermadecensis sp. iiov. 
Frtrolisfhes hmarckii var. rujeacens 
(Heller). 

Fachycheles lifuensis Borradaile. 
CalUanassa aHiculata Ratbbun. 
Upogehia danai (Micrs). 

Chhanarius striolatus Dana. 

Cdcinus imperialis Whitelegge. 
Porcellanopagurus tndentatiis White- 
legge. 

Eupagums sinuatus Stimpsoii. 
Eupagurus hectori Filhol. 

Alhunea microps Miers. 

Dromia unidentata Ruppell. 

Omlipes bipustulatus (Milne - Ed- 
wards) 

Actaeomorpha erosa Miers. 

Xantho nudipes (Dana). 

Xanthodes lamarcJcii (Milne - Ed- 
wards). 

Ozim hhatus Heller. 


Trapezia fenugmea vac. areolata 
Dana. 

1 Chlorodopsis melanochira A. Milne- 
Edwards. 

Banareia armata A. Miln e-Edwards. 
Pilumtuis fimhriatus Miliie-Ed wards. 
Eriphia norfolcensis Grant and Me 
Cullocb. 

I Lophactaea actaeoides A. Milne - Ed- 
I wards. 

. Plagusia chahrus (Linn.). 

Plagusia dentipes De Haan. 

Plagusia tuherculata Lamarck. 

’ Percnon pilimanus (A. Milne -Ed- 
wards). 

I Geograpsus grayi Milne-Edwards. 

Leptoqraptus variegatus (Fabr.). 

I Cyclograpsus lavauxi Milne-Edwards. 

Planes minutus (Linn.). 

* Ocypoda Jcuhlii De Haan. 

? Cryptockirus coralhoiytes Holler. 
Hah mas spinosus Hess. 

Tluenia proteus De Haan. 
Schizophrys hilensis Rathbun, 


Order EUPHAUSIACEA. 
Thjsanoessa gregario G. 0. Sars. 


Order AMPHIPODA. 


Xannonyx kidderi (Smith), 
Euryihenes gryllus (Licht.). 
Moera mastersii (Haswell). 
Melita inaequistylis (Dana). 
i Melita pahnata (Montagu). 
Aora typica Kroyer. 
t Orclmtia gammarellus (Pall,). 


ParoTchestia tenuis (Dana). 
Parorckestia sylvicola (Dana). 
Phrosina australis Stebbing. 
Phronima novae-zealandiae Powell. 
Platysceliis intermedins Thomson. 
Oxycephalus clausi Bovallius. 
Vaprella acutifrons Latreille. 


Order ISOPODA. 


Eooinela orientalis Schiddte and 
Meinert. 

Meine7iia imbricata (Fabricius). 
Nerocila maeleayii (Leach). 
Dynamenella huttoni (G. M. Thom- 
son). 

Cilicaea caniculata (Thomson). 


Idotea metnllica Bose. 

Ligia novae-zealatidiae Dana. 
Triclioniscus kefi'madecensis sp. nov, 
Philoscia oliveri sp. nov. 
Metoponorthus pniinosiis (Brandt] 
[introduced]. 


Subclass CIRRIPEDIA. 

Order THORACICA. 

L&pas pedmaixi Spengler. Lepas anatifera Linnaeus. 

Lepas dentieulata Gruvel. Lepas fascicularis Ellis and Solander. 
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Subclass OSTRACODA. 

Order PODOCOPA. 

Cf/p7^idopsis minna (King). | llyodromua smaragdinus (x. O. Sar-s. 

Subclass BRANCTSIOPODA. 

Order CLADOCERA. 

Daphnia thomsoni G. 0. Sars. 

Subclass COPEPODA. 

Order EUCOPEPODA. 

Pandarus sp. 

Pontella sp. 

Subcld:.s MALACOSTRACA. 

Order BECAPODA. 

Suborder Natantia. 

Plesionika spinipes Spence Bate. 

PlesioniJca spinipes Spence Bate, Rep. Voy. Challenger,” 24, p. 646, pi. 113, 
fig. 2, 1888. 

One specimen washed up on Terrace’s Beach, Sunday Island. 

It agrees well with Spence Bate’s description and figures, except that 
tlie serrations on the underside of the rostrum are smaller than those shown 
in his figure. The Cliallenger ” specimens were dredged at a depth of 
150 fathoms, at Station 219. north of New Guinea. 

Merhippolyte spinifrons (Milne-Edwards). 

Eippolyte spinifrons, Milne-Edwards, Hast. Nat., Crust., 2, p. 377, 1837 ; 
Miers, Cat. N.Z. Crust., p. 80, 1876. Merhippolyte spinifrons G. M. 
Thomson, Trans. Linn. Soc., 2^ol., 8, p. 444, 1903. 

Four specimens from Meyer Island. 

These specimens agree well with Milne-Edwards’s description, except 
that there are 2 minute teeth on the underside of the rostrum near the 
apex. As Spence Bate has pointed out, it is probable that by the ex- 
pression " les 6pines suborbitaires ” Milne-Edwards meant not the short 
antennal tooth, but the long spine on the first segment of the peduncle 
of the antemia, and this corresponds to his description. 

I cannot reconcile Filhol’s description and figure with this species.* The 
figure distinctly shows a large supra-ocular spine, and looks as if it had been 
t^en from a specimen of Ahpe palpalis, and his description is not incon- 
sistent with this supposition. 

Alope palpalis White. 

Alope palpalis White, Proc. Zool. Soc., 1847, p. 124, 1847 ; Miers, Cat. 
N.Z. Crust., p. 84, 1876 ; Thomson, Trans. Linn. Soc. (2), Zool., 8, 
p. 440, pi. 28, figs. 3-12, 1903, ? Ahpe australis Baker, Trans. Roy. 
Soc. South Aust., 38, p. 164, pi. 30, figs. 1-7, 1904 ; McCulloch, Rec. 
Aust. Mus., 7, p. 313, 1909. 

Numerous specimens from Coral Bay, Sunday Island, and from Meyer 
Island. 


Cyclops sp. 
Lepeophtheirus sp. 


18 *^ 


* Mission de Tile Campbell, p. 431, pL 63, fig. 13. 
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Tinn^aciio*is 


The largest of these is about 33 mm. in length, and agrees well wjth 
the description of this species given by Thomson, the rostrum having 4 
teeth, with a fairly wide inteiwal between the second and third ; the ex- 
ternal maxillipeds are greatly developed. In the other spe(‘imens, most 
of which are considerably smaller, there appears to be considerable varia- 
tion in the number of teeth on the rostrum : in one specimen 27 mm. long 
the rostnun bears 6 teeth, somewhat unequal in size and a little unequally 
spaced; in other specimens there are only 4, and the interval between the 
second and third varies in extent. Although none of tlie specimens are as 
large as those sometimes met with in New Zealand, I prefer to refer them 
to the same species. I am doubtful whether Ahpe ausUalis Baker is really 
distinct from this species. According to Mr. McCulloch, A. austmli^ is 
common near Sydney Harbour. 

Rhynchocinetes rugulosus Stimpson. 

Rhynchocinetes rugulosus Stimp&on. Proe. Acad. Nat. Sci. Philad., 12, p. 36, 
1860 ; McCulloch, Roc. Aust. Mus., 7, p. 310, pi. 79, figs. 1-8, 1909. 
Rhynchocinetes typiis Miers, Cat. N.Z. CVust., p. 77, 1876. 

Three specimens from rock-pools, Sunday Island (Captain Bollons, 1907) ; 
two smaller one from Meyer Island (W. R. B. Oliver). 

My specimens agree well with the debcription and figures given by 
McCulloch, and, like his, difier from R, typus Milne-Edwards in ha'^ung 
only about 6 teeth on the upper distal margin of the rostrum and 13 below. 
The other differences given by Miss Rathbun (quoted by McCulloch) are 
not very important, and some of them do not apply to my larger specimens, 
in which the masiUipeds are proportionately longer than in smaller speci- 
mens. In recording R. typus from Peru, Miss Rathbun (Proc. U.S. Nat. 
Mus., 38, p. 662) gives the length as 11 cm. ; my largest specimen is about 
5 cm. In larger specimens one would naturally expect the reeth on th(‘ 
rostrum to be more numerous; and even if such large specimens are not 
found in Australian seas (McCulloch does not give the size of his speci- 
mens) it seems probable that i?, typus and 22. rugulosus are local varieties 
of a species widely spread in the Southern Hemisplicre. 

The species was included among the New Zealand Crustacea by Miers 
under the name R, typus, on the authority of specimens in the British 
Museum collections, though I am not aware of any specimens from th<‘ 
main islands of New Zealand in local collections. It occurs at Sydney 
and at Lord Howe Island. Miliie-Edwards’s specimens of 2?. typus are from 
the Indian Ocean. 

Alpheus socialis Heller. 

Alpheus socialis Heller, Voy. “ Novara,” Crust., p. 106, pi. 10, fi^. 1, 1866 ; 

Miers, Cat. N.Z. Crust., p. 82, 1876 ; 6. M. Thomson, Trans. Limi. 

Soc., ZooL, 8, p. 436, pi. 27, figs. 6-12, 1903. 

Two specimens from under stones at low-water mark, Coral Bay, Sun- 
day Island, collected by Mr. T. Iredale. 

These two specimens agree well with the original description given by 
Heller, and I have no doubt they belong to the species described by him ; 
they also agree fairly well with the more recent description given by Thom- 
son, but it is possible, as Stebbing has already pointed out, that more than 
one species is included by him under this name. In one of my specimens 
the right cheliped is the larger, while in the other it is the left ; Thomson 
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states that in the spociniens exanuuod l>y him it is ahvars the leit that is 
tlie larger. The largest of my specimeiia measures 22 mm. in length — 
i.e., half the length given hy Thomson for liis largest specimen. 

I Arete dorsalis Htiinpsoii. 

? Arete dorsalis Slimpson, Proc. Arad. Nat. Sti. Philad.. 12, 186U ; Coutiere, 
Fauna and Geog. Maldive and Lsciadive Archipelagoes, vol. 2. pt. iv, 
p. 866, 1904. 

Three specimens from Coral Bay, Sunday Island. 

These specimens are only pro vision ally referred to this species ; they 
agree with the description given by Coutiere in most n^spects. but differ 
in having the inner margin of the fixed finger rejiularly convex and without 
separate teeth, while the caipus of the smaller cholipeds is made up of 4 
joints instead of the typical 8 found in this genus. The Kormadec speci- 
mens will therefoxi^ probably form a separate species, but in the meantime 
I prefer to leave them pro^usionally under the above name. 

Arete dorsalis is found at Samoa. New Caledonia, Hong Kong, and at 
the Laccadives. 


Synalpheus sp. 

From Coral Bay <iiid Meyer Island; several specimens. 

Owing to want of some of the m^cessary w'orks of reference these speci- 
mens have not yet lieen satisfactorily identified; they represent one, or 
perhaps two, species. 

Betaeus sp. 

Four specimens from Coral Bay, »%nday Island, collected by Mr. T. 
Iredale. 

Not yet identified. The species to which these specimens belong is 
quite distinct from Betaeus aequimanns Dana, whicli occurs fairly ci>m- 
monly on the New Zealand coasts. 


Suborder Eeptantia, 

Jasus hiigelli (Heller). 

PflUmrus htgelii Heller, Eeise dcr “Novara,” Crust., p. 96, pi. 8, 1868; 
Hasweil, Cat. Aust, Crust., p. 172, 1882. Palinurus fumidus Kirk, 
Trans. N.Z. Inst., 12, p. 314, 1879. 

One small specimen from Sunday Islaiui ; the dried abdomen of another 
was found on the beach at Denham Island. 

The species is common on the east coast of Australia, and is occasionally 
taken in the northern part of Auckland. 

Thenus orientalis Euniph. 

Thenus orierUalis Rumph, Mus., pt. 2. fig. D; Hasweil, Cat. Aust. Crust., 
p. 170, 1882 ; Spence Bate, Eep. Toy. “ Challenger,” 24, p. 66, 
1888 ; Borradaile, Trans. Lin n . Soc., Zool., 13, p. 261, 1910. 

A specimen 40 mm. long with bilobed rostrum and a strong spine on the 
abdomen appears to belong to this species, but the descriptions that I have 
been able to consult are short and incomplete. 
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Tr'insacUom. 


Phyllosoma duperreyi Gukin. 

Phylhsoma duperreyi Milo e-Edwards, Hist. Nat., Cimt., 2, p. 485, 1837 ; 

Gu^rin-Mkevillo, Voy. do la ‘‘ Coquille,” p. 46, pi. 5, fij*. 2, 1838 ; 

Stobbing, Willey’s Zool, Eesults, pt. 5, p. 609, 1900. 

One specimen of this larval form was cast up on Denham Bay Beaeli. 
Sunday Island, Slat May, 1908.” 

It is 26 mm. long and 18 mm. broad, and agrees closely with the de- 
scription and figures given in the ‘‘ Voyage de la ‘ Coquille.’ ” 

It is not certainly known to what adult form Phyllosoma dupeneyi 
belongs, but Professor Haswell, in describing the Phyllosoma stage of lhacus 
peronii Leach [L incisus Peron], says that it is not unlikely that Phyllosoma 
duperreyi is an earlier stage in the development of the same animal (Proc. 
linn, 8oc. N.S.W., 4, p. 280). His specimen was obtained at Port Jackson ; 
the original specimen of P. duperreyi was obtained at the same place ; while 
the one described by Stebbing is from Mihie Bay, New Guinea. 

Iconaxiopsis kermadecensis sp. nov. Figs. 1 and 2, 

In general resembling /. andama'imisis Alcock, but apparently difiering 
in the following points : The rostrum not quite reaching to the end of the 
second joint of the antennular peduncle, triangular, margins towards the 
apex smooth, but with a prominent tooth on each side at the base of the 
rostrum, a shght ridge being continued backwards on the carapace from each 
of these lateral teeth ; slightly further back are 3 smaller teeth closely 
placed in a transverse row on the carapace, one central and two lateral, 



h om viopbi b kfrmadpcen sw. 

Fig. 1. Left cheliped, Ficr. 2. Bight cheliped. 

mth slight indications of ridges extending backwards from them. There 
is a small tuft of long hairs on the iimer side of the base of each lateral 
tooth at base of rostrum, other long hairs fringe the margins of the rostrum, 
and there axe a few scattered hairs on the carapace and abdomen. 

Byes short, well pigmented. 

The first pair of chelipeds large, longer than abdomen, the left slightly 
largOT than the right, propod in each compressed, with numerous hairs 
on the upper margin and a well-marked fringe on the lower margin just 
above a slight ridge which extends almost to the end of the fixed finger, 
rest of surface smooth; both fingers sharply pointed; movable finger 
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without definite teeth ; fixed finger "with 2 small teeth, one near the base 
and the other, slightly larger, about the middle of the inner margin ; on 
the right cheliped sometimes a third tooth nearer the apex of fixed finger. 

Length of carapace m largest specimen, including rostrum, 17 mm. : 
length of abdomen to end of telson, 29 mm. 

Several specimens from Meyer Island and Coral Bay; others from 
rock-pools at Sunday Island, collected by Captain Bollons/ 

I am unable to identify this species with any descriptions known to 
me. and therefore describe it pro\usionally as new ; it may, however, prove 
to ])e identical with some of the species of Axius already" described. I am 
a httle uncertain if it is properly placed m Iconaxiopsis. but it seems to 
agree well with Alcock’s description of this genus. 

Petrolisthes lamarckii var. rufescens (Heller). 

?PorceUana dentata M.-Edwards. Hist. Nat., Crust., 2, p. 251. 1837. Petro- 
listhes dentatus Haswell, Cat. Aust. Crust., p. 146. 1882. Pitro- 
listhes Jammekii var. rufettems Borradaile, Proc. Zool. Soc., 1898, 
p. 464, 1898 (with synonymy). Petrolisthes Jamarch Grant and 
McCulloch, Proc. Linn. 8oc. N.S.W., 31, p. 38, 1096, 

Several specimens found mider stones on Meyer Island; others from 
Coral Bay, Sunday Island, collected by Mr. T. Iredale. 

These specimens appear undoubtedly to belong to this mdespread and 
variable species as understood by Borradaile, and, on the whole, they agree 
pretty closely with the variety rufescens. In the larger specimens the mems 
of the walkuig-legs usually bears on the upper margin a series of minute 
spines, but in the smaller specimens these are hardly distinguishable. Bor- 
radaile suggests that this variety is possibly a distinct species. 

Pachycheles lifuensis Borradaile. 

PachycJieles lifuensis Borradaile, WTUey’s Zool. Results, p. 424, 1900 ; Grant 
and McCulloch, Proc. Liim. Soc. N.S.W., 32, p. 155. pi. 1, figs. 2, 2a, 
1907. 

Numerous specimens from Coral Bay, Sunday Island, and from Meyer 
Island. 

These specimens seem undoubtedly the same as those from Norfolk 
Island examined by Grant and McCulloch, and they appear to have been 
rightly referred to Pachycheles lifuensis, originally described from Lifu, 
Royalty Islands. Mr. Borradaile describes the left cheliped as being the 
larger, but the series of specimens before me sho'ws that either the right 
or the left may be the larger. 

Callianassa articulata Rathbun. 

Callianassa atiiculata Ratbbun, Bull. U.8. Fish. Comm, for 1903, p. 892, 
1906. 

A single specimen from a rock-pool, Sunday Island, collected by Captain 
Bollons in 1907. 

This agrees well with Miss Rathbun’s description of this species from 
Hawaiian Islands specimens, except that the cornea does not occupy quite 
so much of the eye-stalk, occupying less than one-half instead of more 
than one-half. The specimen also is considerably larger than Miss Rath- 
bun’s, the carapace being 12 mm. long and the abdomen 40 mm., while 
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an ovigerous male of her bpeciniens was 64 mm. in length of carapace, with 
the abdomen 16 mm. long. 

I liave to thank Mr. A. E. McCulloch, of the Australian Museum, for 
kindly comparing this species with Australian forms, and for suggeatiug 
that i1 belonged to C. miknlata Rathbun. 

Upogebia danai (Miers). 

Gi^in dami, Miers, Ann. Mag. Nat. Hist., ser. 4, 17, p. 323, 1876 ; and Cat. 
N.Z. Crust., p. 70, 1876. U pogehia dana% Chilton, Trans. N.Z. Inst., 
39, p. 460, 1907. 

Two small specimens taken on rocks at low tide, Coral Bay, Sunday 
Island, by Mr. T. Iredale. 

Clibanarius striolatus Dana. 

Chhanarius striolatus Dana, U.S. Expl. Exped., Crust., pt. 1, p. 463, pi. 29^ 
fig. 3 a-c, 1852 ; Haswell, Cat. Aust. Crust., p. 159, 1882 ; Alcock, 
Cat. Indian Decap. Cirust., pt. 2, Anomura, p. 46, pi. 4, fig. 7, 1905 
(with synonymy). 

Two specimens collected by Mr. Roy Bell, and handed by him to Mr. 
Oliver. 

They agree fairly weU with the description and figure given by Alcock, 
and must, I think, belong to this species ; the chehpeds are more spini- 
tuberculate than is shown in his figure, and in this respect appear to agree 
with the specimens from Port Denison referred to this species by HasweD. 
The rostrum is very short, and forms only a very slight projection, broadly 
rounded at the end. 

Alcock gives the distribution of this species as follows : Gulf of Aden 
and Seychelles eastwards to Tahiti ; feom about 43° E. eastwards to about 
150° W'., and from about 28° N. to about 18° S.” Its occurrence at the 
Kermadecs extends the southern limit to about 30° S. 

Calcinus imperialis Whitelegge. 

Gahinus imperialis Whitelegge, Rec. Aust. Mus., 4, p. 48, pi. 9. 1901 ; 
Alcock, Cat. Indian Dec. Crust., pt. 2, Anomui*a, p, 164, 1905 ; 
Grant and McCulloch, Proc. Lmn. Soc. N.8.W., 32, p. 154, 1907. 

Several specimens among rocks at Meyer Island, inhabiting shells of 
Delphinula, Lotorium, and Gyrineum ; also one from Sunday Island (Cap- 
tain Bollons). 

The species is common at Norfolk and Lord Howe Islands, and has 
also been found on the coast of Australia, near Sydney. 

Porcellanopagurus tridentatus Whitelegge. 

Porcellanopagurus tridentatus Whitelegge, Mem. Aust. Mus., 4, p. 181, 
figs. 13, 13a, 136, 1900. 

Five specimens from Meyer Island and Sunday Island. 

These specimens must, I think, be referred to TMiitelegge’s species, 
although naturally they differ in some minute points from his long detailed 
description. The anterior spine on the lateral margin of the carapace is 
fery well marked in some specimens, but the posterior tooth is almost 
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or quite obsolete, the short prominence, however, being noticeable. The 
upper margin of the larger (right) cheliped is more even than is shown in 
AVhitelegge’s figure. The chelipeds are unequal in both sexes. 

This hermit-crab is somewhat peculiar in its habits : it was found by 
Mr. Oliver under stones between tide-marks, and he states that it was not 
common, and that it never uses a spiral shell, but manages to keep on its 
back a single valve of a bivalve mollusc’s shell or a vacant Siphonaria or 
limpet shell. 

Only three species of this peculiar genus are as yet known — viz., P. 
edwardsi, from Campbell Island and the Snares ; the present species ; and 
P. platei, from Juan Fernandez. The description of this latter species I 
have not yet been able to obtain. Mr. Whitelegge's specimens were dredged 
in 54-59 fathoms, off the coast of New South Wales, and the species to 
which they belong is much smaller than P. edwardsi. and appears to differ 
also in having the chelipeds unequal in the female, while in the female of 
P. edwardsi according to Filhol, the chelipeds are small and siibcqual. 


Eupagurus sinuatus Stimpson. 

Eupagurus sinuatus Stimpson, Proc. Acad. Nat. Sci. Philad.. 10, p. 348, 
1864 ; Haswell, Cat. Aust. Mus., p. 153, 1882 ; Alcock, Cat. Indian 
Decap. Crust., pt. 2, Anomura, p. 175, 1906. 

Three specimens from Meyer Island seem to belong to this species. 
They agree fairly well with the short description quoted by Haswell, espe- 
cially in having the merus of the chelipeda deeply excavated below, the 
margins provided with long cilia, and external margins spinose : the carpus, 
however, does not show much trace of a smooth median line, and the median 
series of spines on the propod is not well marked. 

The species has been recorded from Port Jackson, Australia. 


Eupagurus hectoii Filhol.* 

Eupagurus hectori Filhol, Mission de Tile Campbell, p. 419, pi. 51, fig. J, 
1885; Thomson, Trans. N.Z. Inst., 31, p. 177, 1899; Lenz, ZooL 
Jahr., 14, p. 447, 1901 ; Alcock, Cat. Indian Decap. Crust., pt. 2, 
Anomura, p. 176, 1906, 

Numerous specimens from Meyer Island, and from Coral Bay, Sunday 
Island, living in shells of various gastropods. These agree closely with 
Filhol’s description, and can be readily distinguished from other New Zea- 
land species by the glabrous chelipeds. The chelipeds and the gi*eater 
pai*t of the ambulatory legs in spirit specimens are coloured red. 

Filhol states that this species becomes more abundant to the south of 
New Zealand, especially in Stewart Island ; Thomson records it from 
Stewart Island, and Lenz from D’Urville Island, and I have recently 
1 ‘oceived a specimen from Miss Shand from Chatham Islands. 


* I have also from Meyer Island several Rpecimens of a small hermit-crab which in 
general resembles Eupat/urus^ but has the abdomen straight, though soft, and the telson 
ami uropoda syrametrical- A fuller tlescription is held over in the meantime, as I am 
not sure of the systt^matic position of the species. 
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Albunea microps Miers. 

Afbunea inioops Miors, Joui*. Linn. Soc., Zool., 14, p. 328, pi. 5, figb. 

13, 1877; Henderson, Rep. Voy. Challoiigor,” 17, p. 40, 1888; 
Borradaile, Willey’s Zool. Results, pt. 4, p. 126, 1900. 

One snxall specimen from Moyer Island (12 fatlioins), agreeing well 
mth Miers’s description. 

Tlie species is recorded by Miers from Sooloo Island, and was taken 
by tbe Gkallenger ” at Station 212 in tlie Celebes Sea ; more rec'ently 
Borradaile lias recorded it from Blanche Bay, New Britain. 


Dromia unidentata Ruppell. 

Dromia unidentata Rnppell 24 Krabben roth. Meer., p. 16, pi. 4, fig. 2 ; 
pi. 6, fig. 9 ; 1830 : Alcock, Cat. Indian De<*. Crust., pt. 1, Brachyura, 
p. 47, pi. 2, fig. 6, 1901. 

One specimen taken on coral below low-water mark, Meyer Island ; 
the hinder portion of the carapace covered with what appears to be the 
dried remains of a compound Ascidian. 

This agrees closely with the description and figure given by Alcock. 

The species is Andely distributed in the Indian Ocean and the Malay 
Archipelago, but does not appear to have been recorded from Australian 
seas. 


Ovalipes bipustulatus (Milne-Edwards). 

Platyonickus bipustulatus M.-Ed wards, Hist. Nat., Cinist., 1, p. 437, pi. 17, 
figs. 7-10, 1834 ; Miers, Cat. N.Z. Crust., p. 32, 1876. Ovalipes 
tmnaoiilatus Stebbing, South African Crustacea, pt. 2, p. 13, 1902 ; 
Doflein, Wiss. Ergebn. Deutschen Tiefsee Exped., 1898-99, p. 92, 
pi. 32, fig. 6, 1904; Fulton and Grant, Proc. Roy. Soc. Vicloiia, 
19, pt. 1, p. 18, 1906. Ovalipes bipustulatus, M. J. Rathbmi, Proc. 
IJ.S. Nat. Mus., 38, p. 577, 1910. 

Several small specimens from Sunday Island, collected by Mr. Oln'cr, 
and one by Captain Bollons. 

Oliver says that all the specimens collected were picked up dotid 
on the beaches, and that apparently tliey live just below low-water maj*k. 
In connection with this, it is worth while mentioning that in March, 1888, 
Mr. R. Helms, of Greymouth, sent me specimens of this species that he 
had obtained at Greymouth whilst digging in the sand at low-wate 3 ‘ mark 
during spring tides for pipis (Mesodesma spissa), and he stated that the 
animal appeared to use the hind legs for digging in the sand more than 
for swimming, and that it buried itself in a remarkably short time. He 
added, The colour of this animal is very fine ; the carapace is light grey, 
almost lavender, and the joints of the arms bright red, tinging near the 
claws to dark orange.” 

The habits of Phtyonichus ocellatus Herbst, as described by Verrill 
and Smith, seem to be closely similar. (See Stebbing, Hist. Crustacea, 
p. 67.) 

The species is very widely distributed in the Southern Hemisphere, 
and extends also to Japan. 



Chilton. — Cnistacea of the Eermadtc Islands, 


565 


Actaeomorpha erosa Miers. 

Actaeoinorjpha erosa Miers, Jour. Linu. Soc., Zool., 13, p. 1, pi. 14, 1883. 

Several specimens from Coral Bay, Sunday Island, and from Meyer 
Island, on coral ; some dredged in 3 2 fet horns. 

These specimens agree minutely with Miers’s description, drawn up from 
a single specimen dredged in 7 fathoms in Port Curtis, Australia. Some of 
the specimens have the dorsal surface variously marked with red, and this, 
together with the granulated nature of the surface, gives them the appear- 
ance of small pieces of coral. 

Xantho nudipes (Dana). 

Chlorodius nudipes Dana, Proc. Acad. Nat. Sci. Philad., 1852, p. 79, 1852 ; 
and U.S. Expl. Exped., Crust., 1, p. 209, pi. 11, figs. 12 ch-c, 1855. 
Leptodius nudipes A. Milne-Edwards, Nouv. Archiv. Mus., 9, p. 225, 
pi. 7, fig. 5, 1873 ; Miers, Cat. N.Z. Crust., p. 17, 1876 ; Filhol, 
Mission de Tile Campbell, p. 374, 1885. Xantho {Leptodius) nudipes 
Alcock, Proc. Asiatic Soc. Bengal, 67, p. 121, 1898. 

Numerous specimens from Coral Bay, Sunday Island ; Meyer Island, <&c. 

It is only with considerable hesitation that I assign these specimens 
to this species. In the rugose and wrinkled character of the hands of the 
chelipeds, and in the general appearance of the carapace, the short legs 
almost destitute of setae, &:o., they appear to agree pretty closely vrith 
the description and figures given by A. Milne-Edwards, except that he 
describes the antero-lateral margins of the carapace as being divided into 
10 or 12 teeth, grouped in 4 lobes. In my specimens the teeth are much 
fewer in number, the two posterior ones being simple and of the usual 
character, while anterior to these the lobes or teeth become somewhat in- 
definite, so that the anterior border might be described as being divided 
into 6 -to 8 teeth. Alcock says, The antero-lateral border is divided into 
4 acute lobes or teeth, but each of the first 3 teeth have, at base, either 
one or two (one on either side) small additional cusps, and the 4th tooth 
is generally double, so that altogether there are from 8 to 11 teeth on the 
antero-lateral margin.” This would agree moderately well with my speci- 
mens, except that in them none of the lobes or teeth are quite acute. On 
the other hand, Alcock places the species under the subgenus Leptodius, 
and specially mentions that “ the fingers are typical spoons,” and, so far 
as one can judge from the figure, this appears to be the case with the speci- 
mens figured by Dana. In my specimens the fingers are quite sharp at the 
points, and this seems to be the case with those figured by A. Milne- 
Edwards. Consequently, while I feel pretty confident that my specimens 
must belong to the same species as those described by Milne-Edwards from 
New Caledonia, I am doubtful if they are quite the same as those described 
by Alcock. 

X nudipes and the allied species Chlorodius eudorus Milne-Edwaids 
are stated to occur in New Zealand on the authority of specimens in the 
collections of the Paris Museum ; Filhol says that the specimens of X. 
nudipes come from Cook Strait, and he considers that Chlorodius eudorus 
should be looked upon as a variety of this species. I have seer no speci- 
mens from New Zealand itself that could be referred to either of these 
species. 

Xantho {Leptodius) eughjptus Alcock, from Gralle and Mergui, and Xantho 
quinquederdatus Krauss, from South Africa, both seem to he closely similar 
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to X. nudipes, and the latter species is, according to Aloock, described and 
figured as having sharp fingers. 

Considering the diAculty of determining species in this group, and the 
fact that I have no large series of specimens for comparison, the rcfevcnice 
of my specimens from the Kermadecs to X nudipes must he looked upon 
as provisional only. 


Xanthodes lamarckii (Milne-Ed wards). 

Xantho lamarckii Milue-Edwards, Hist. Nat., Crust., 1, p. 391, 1831. 
Xanthodes lamarckii Whitelegge, Mem, Aust. Mus., 3, p. 130, 1897; 
Alcock, Proc. Asiatic Soc. Bengal, 67, p. 157, 1898. 

Several specimens, male and female, from Coral Bay, Sunday Island, 
collected by Mr. T. Iredale. 

These specimens agree closely with the description given by Alcock ; 
the females have the abdomen fringed with long hairs, as described bv 
Whitelegge. 

The species is widely distributed in the Indo-Pacific region. 


Ozius lobatus Heller. 

Ozius lohatvs Heller, Reise der Novara,” Crust., p. 21, pi. 2, fig. -1, 1868 ; 

Haswell, Cat. Aust. Crust., p. 63, 1882. 

Three specimens, two males and one female. Mr. Oliver says this species 
is fairly common among rocks between tide-marks. 

The specimens that I have been able to examine agree minutely with 
Heller’s description. The species is undoubtedly veiy closely allied to 
0. truncatus MHne-Edwards ; but, as Heller points out, that species, accord- 
ing to the description and figures by Milne-Edwards and Dana, appears 
to have the front almost straight, while in O. lobatus it is divided into 
4 lobes ; the two inner ones are broad and rounded and the two outer 
ones are narrower and rather more prominent, being similar to the small 
rounded lobe at the inner angle of the orbit. 

0. lobatus and 0. truncatus are both recorded from Australia, and 0. 
truncatus has also been found in New Zealand. The occurrence of 0. hhatus 
at the Kermadecs renders it still more probable that the tw^o species are 
identical, but a comparison of typical specimens is desirable before the 
two are combined. 


Trapezia ferruginea var. areolata Dana. 

Trapezia areolata Dana, Proc. Acad. Nat. Sci. Philad,, 1852, p. 83, 1852 ; 
andU.S. Expl. Exped., Crust., 1, p. 269, pi. 16, figs. 8 a-6 and 9, 
1863. T, areolata var. inermis A, Milne-Edw'ards, Nouv. Arohiv. 
Mus., 9, p. 259, pi. 10, fig, 6, 1873. T. ferruginea var. areolata 
Alcock, Journ. Asiatic Soc. Bengal, 67, p. 221, 1898. 

One female specimen (both chelipeds missing) from Meyer Island, found 
on coral, 1 fathom. The honeycomb network of fine brown lines on the 
carapace is still very plainly marked in the spirit specimen. 

The species is widely distributed in Indo-Pacific seas. 
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Chlorodopsis melanochira A. Milne-Edward^. 

Chlorodopis melanochirus A. Mihie-Edwards, Nouv. Archiv. Mus.. 9, p. 228, 
pL 8, fig. 5, 1873 ; flaawelL Cat. Ansi. CVust., p. 55. 1882. CUoro- 
dopsis melanochira Aloock, Journ. Abidtk Soc. BeimaL 67, o. 168 
1898. ^ 

Numerous specimens from Coral Bd.y, Sunday Island, and from Jlever 
Island. 

These agree ''xry ch'^ely with the descriptions and figures giv<m by 
Mihi e-Edwards and Alcock,' except that the dark coloration of th*' fixed 
finger does not extend along the lower border of the hand. In this 
character they resemble 0. melanodactyhs, but they disdnctly difiter iroia 
that species in having the antero-lateral margin ^‘dnided into lour io1 es, 
each of which is crowned with several spinules.’* 

The species is known from the Andamans, the coa&ts “{ Austrdia. and 
from New Caledonia. 

Banareia armata A* Milne-Edwards. 

Bamreia amnta A. Milne-Edwards, Aim. Soc. Ent. Fr. (4:), 9. p. 168, pi. 8. 
1869 ; and Nouv. Archiv. Mus., 9, p. 193, 1873 : Alcock, Journ. 
Asiatic Soc. Bengal, 67, p. 153, 1898. 

One specimen (dried) from Meyer Island, and two small spirit speci- 
mens from Coral Bay, Sunday Island. The hands of the chelipods and the 
joints of the legs are more granular than is showm in Milne-Edwards'’s figure, 
but the specimen agrees closely with Alcock’s description, and musL I 
think, belong hero. 

The species is known to occur at New' Caledonia and at tin* Andamans, 

Pilumnus fimbriatus Milne-Edwards. 

Pihtmnus fimhnatvs Milne-Edwards, Hist. Nat,, Crust., 1. p. 416. 1834 ; 
Haswell, Cat. Aust. CVust.. p. 66, pi. 1, fig. 4, 1882. 

One specimen taken at lo'w tide at Coral Bay, Sunday Island, by Mr. 
T. Iredale ; another (dried) one from Meyer Island. They egret* Avell with 
the descriptions given liy Mlne-Edwards and Haswrell. 

The species is kiiowm from the oast coast of Australia. 

Eriphia norfolcensis Grant and McCulloch, 

Briphia norjolctnsits Grant and McCulloch, Proc. Linn. Soc. N.S.V., 32, 
pt. 1, p. 151, pi. 1, figs. 1, la, 15, 1907. 

Numerous specimens from Coral Bay, Sunday Island, and from Meyer 
Island, found under stones at low tide. 

The species is common at Norfolk Island, where it is said to be known 
as the poison crab.” 

Lophactaea acUeoides A. Milne-Edwards. 

Tjophactaca actaeoides A. Milne-Edwards, Nouv. Archiv. Mus., 9, p. 189, 
pi. 6, fig. 7, 1873. 

One specimen from rock-pool, Meyer Island, It agrees well w'irh Mihie- 
Edwards’s description and figure. 

The species is found at New Caledonia, and I have a specimen from 
Norfolk Island also. 
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Plagusia chabnis (Linn.). 

Cancer chahus Linn., Syst. Nat., ed. 10, p. 628, 1758. Plagusia capemus 
De Haan, Faun. Japon., Cxust., p. 58, 1835; Fulton and Grant, 
Pi'oc. Eoy. Soc. Victoria, 19, pt. 1, p. 20, 1906 ; Stebbing, Soutli 
African Crustacea, pt. 3, p. 47 (with synonymy and critical remarks), 
1905. Plagusia chabrus Miers, Cat. N.Z. Crust., p. 46, 1876, and 
Ann. Mag. Nat. Hist., ser. 5, 1, p. 152, 1878; Eathbun, Proc. U.S. 
Nat. Mus., 38, p. 691. 1910 ; Stebbing, Annals South African Mus., 
G, p. 322, 1910 (with further synon 3 rmy). 

One female specimen from Sunday Island. Mr. Oliver notes that only 
one specimen was seen during his stay on the island. 

The species is widely distributed, and has been recorded from the Cape 
of Good Hope, Australia, Tasmania, New Zealand, &c. 

In his latest work, Stebbing, in deference to the opinions of others, 
adopts the name Plagusia chabrus (Linn.) for this species, though he had 
previously argued in favour of P. capensis De Haan. I am glad that it is 
possible to retain the name by which the species has always been known 
in New Zealand. 


Plagusia dentipes De Haan. 

Grapsus {Plagusia) dentipes De Haan, Faun. Japon., Crust, decas, 2, p. 58, 
pi. 8, fig. 1, 1835. Plagusia dentipes Miers, Ami. Mag. Nat. Hist., 
ser. 5, 1, p. 152, 1878 ; Grant and McCulloch, Proc. Linn. Soc. N.S.W,, 
32, pt. 1, p. 153, 1907. 

One male specimen, collected on the rocks between tide-marks, Sunday 
Island. 

This species is closely allied to the preceding one, but can readily be 
distinguished by the spine on the lower distal angle of the merus in the 
walking-legs and by the presence of a few small tubercles on the carapace. 
The other difEerences pointed out by Grant and McCulloch seem hardly to 
apply in my specimens ; thus, there is little difference between the front 
in the two, and both have the whole carapace equally covered with shoH 
hairs. 

Plagusia dentipes is common on Norfolk Island and also on Lord Howe 
Island, but it has not been recorded from the main islands of New Z<*a- 
land. 


Plagusia tuberculata Lamarck. 

Plagusia tuberculata Miers, Ann. Mag. Nat. Hist., ser. 5, 1. p. 148, 1878 ; 
Lenz, Zool. Jahrb.. 14, heft 6, p. 473, 1901 ; Eathbun, Pi'oc. U.8. 
Nat. Mus*. 38, p. 590, 1910. Plagusia depressa tuberculata Eathbun, 
Bull. U.S. Fish. Comm, for 1903, p: 841, 1906, Plagusia depressa 
var, squamosa Grant and McCulloch, Proc. Linn. Soc. N.S.W., 32, 
p. 154, 1907. 

Three females from Sunday Island. 

Widely distributed in Indo-Pacific region. Eecorded from Hawaiian 
Islands by Miss Eathbun, from Norfolk Island by Grant and McCulloch, 
and from Lower California to Chile ” by Miss Eathbun. 
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Percnon pilimanus (A. Milne-Bdwards), 

Acantho])us pihmanus A. M.-Edwards, ^^’ouv. Archiv. Mus., 9, p. 300, 
pi. 14, fig. 5, 1873. Lfiolophns pilimartus Miers, Ann. Ma^. Xat. 
Hi&t., sev. 5, 1, p. 134, 1878. Percnop pihmanus Rathbun. Bull. 
U.S. Fish. Comm, for 1903, p. 842, 1906. 

Two males and several females from Sunday Island. 

These specimens agree verv closely indeed with Milne-Edwards’s descrip- 
tion, except that theie is no large tuft of fine hairs on the propod of the 
chelipeds ; a well-marked tuft is, however, present on the inerus of the 
larger male. The width of the abdomen of the larger male at the base 
is just equal to that of its length to the base of the last segment ; in the 
smaller male the width is rather greater than this. 

It is possible that these specimens should be referred to P. planissimus, 
but I assign them to P. pilimanus owing to the slightly narrower abdomen, 
the spines on the inner margins of the antennnlary cavities, and to the fact 
that they agree minutely with Milne-Edwards’s description and figure except 
as regards the hairs on the propod of the chelipeck. The smaller speci- 
mens agree well with the description of P. phnissimus given h}- Alcock 
(Journ. Asiatic Soc. Bengal, 69, p. 439), except that the second row of 
spinules on the morns of the legs is well marked on the third legs as well 
as on the first and second ; in the larger specimens the row is also indis- 
tinctly marked on the fourth. Miss Rathbun records both species from 
the Hawaiian Islands without comment. 

Milne-Edwarcls states that the hairs on the chelipeds act as a sponge 
to maintain the humidity at the orifice of the branchial chamber. He had, 
however, seen only one male specimen, and, as the tuft on the nierus is 
very small or quite absent in my female specimens, it seems more likely 
that the hairs may be a sexual character, developed in tlie adult male 
only, and in that case may not yet be fully developed in the two males in 
my possession. The females resemble the male except in the much smaller 
size of the chehpeds, which are much shorter and have the propod only 
slightly widened. The merus bears only a very small tuft of hairs in the 
larger female specimens, and none in the smaller specimens. It seems 
likidy, therefore, that the tufts of fine hairs on the merus and propod arc 
a secondary sexual character, developed only in large males, or perhaps 
only during the breeding season ; they were evidently not present in the 
adult males of P. phnissimus examined by Alcock, for he makes no men- 
tion of them. If, as seems likely, the other characters — /.e., the narrower 
abdomen and the spines on the inner margin of the antennnlary cavities — 
do not prove to be constant, one would be tempted to suggest that P. plan is- 
simus and P. pilimanus form one species, in which the males may de^'elop 
the tufts of fine hairs on the chelipeds at certain seasons only. 

Male : Width of carapace, 29 mm. ; length, 32 mm. : total length of 
propod of cheliped, 15 mm. ; width, 11 mm. Largest female : Width of 
caiapace, 28 mm. ; length, 31 mm. : total length of propod of cheliped, 
8 mm. ; width, 6 mm. 

Mr. Oliver makes the following observations on the habits of this 
species : Fairly common among rocks near low-tide mark. Very quick 

in its habits. Its colour somewhat resembles the rock, on which it stays 
perfectly stiU, but when any one approaches too near it darts into the water. 
When, after continued westerly winds, sand was driven ashore so as to 
bury the boulders on the north coast of Sunday Island to about half-tide 
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mark, thousands of these crabs, retreating before the encroaching sand, 
congregated in heaps among the rocks near shore until the sand was washed 
away again.” 

Geograpsus grayi (Milne-Edwards). 

Grapsus ijrai/i M.-Edwards, Ann. Sci. Nat. (3** ser.), 20, p. 170, 1853 ; Has- 
well, Cat, Aust. Crust., p. 98, 1882. Geograpsus grayi A. Milne- 
Edwards, Nouv. Archiv. Mus,, 9, p. 288, pi. 16, fig. 1. 

One male and one female, agreeing well with Milne-Edwards’s description. 

The species is widely distributed in Australia, New Caledonia, Mauritius, 
Madagascar, &c. 

Mr. Oliver makes the following remarks on the habits of this crab, which 
is almost terrestrial in habit : This land-crab occurs sparingly on the 
east coast of Sunday Island, and more commonly on Meyer Island and 
other islets of the Herald Group. They make burrows little more in 
diameter than the 'wddth of their bodies, and 6-20 in. long. Often, how- 
ever, they are content with merely digging their way under a stone lying 
on the surface. I have never found more than one crab in each burrow. 
Their burrows are found in the forest at Coral Bay more than 100 yards 
from the sea. The presence of shells and pieces of coral high up on Napier 
Islet can only be accounted for by supposing these crustaceans carried 
them there, but for what purpose it is difficult to imagine. Mr. Roy Boll 
tells me that land-crabs are in the habit of carrying shells from the 'rocks 
up to where they make their burrows.” 

Leptograptus variegatus (Fabr.). 

Cancer variegatus Fabr., Bnt. Syst., 2, p. *150, 1793. Grapsus variegatus 
Miers, Cat. N.Z. Crust., p. 36, 1876. Leptograpsus variegatus Fulton 
and Grant, Proc. Roy. Soc. Victoria, 19, pt. 1, p. 19, 1906 ; M. J. 
Rathbxm, Proc. XJ.S. Nat. Mus., 38, pp. 547 and 588, 1910. 

Several specimens were taken at Sunday Island. The Canterbiiuy 
Museum collections also include one from the Kermadecs. 

In Miers’s catalogue it is included in the New Zealand fauna on sp(‘c*i- 
mens in the collections of the British Museum, but I do not know from 
what particular locality they were collected. 

The species is found on the coasts of Peru and Chile, at Juan Fernandez, 
Australia, and other parts of the Southern Hemisphere. 


Cyclograpsus lavauxi (Milne-Edwards). 

Oyclograpsus lavauxi and Cyclograpsus whitei M.-Edwards, Ann. Sci. Nat. 
(3® ser.), 20, p. 197, 1853. Cyclograpsus lavauxi Miers, Cat. N.Z. 
Crust., p. 41, 1876. Cyclograpsus audouinii Dana, XJ.S. Explor. 
Exped., Crust., 1, p. 359, pi. 22, fig, 2, 1852. 

Three spirit specimens washed up on Low Flat Beach, Sunday Island ; 
also two dried specimens in logs washed up on the beaches, Sunday Island. 

The species is common on New Zealand coasts, and is also found in 
Australia. 

I follow Miers in referring our New Zealand form to this species, and 
111 considering C. wMei as identical with C\ lavauxL Other closely allied 



CiiiiiTO^’. — Crustacea of tlu Kennadec hlands. 561 

species are recorded from South Africa, the Indian Ocean, Ne\r (xuinea, 
Tasmania, &c., and a careful review of the genus is desirable. 


Planes minutus (Linn.). 

Cmcer minutus Linn., Sysl. Nat., ed. 12, p. 1048, 1766. Playies minutus 
Miers, Cat. N.Z. Crust., p. 39, 1876 ; M. J. Hathbun, Proc. U.8. 
Nat. Mus., 38, p. 589, 1910; Stebbing, South African Crustacea, 
pt. 3, p. 43, 1905, and pt. 5, p. 320, 1910. 

Several specimens washed up on Denham Bay Beach, Sunday Island, 
in October, 1908. 

The species is pelagic in habit, and is very widely distributed in tropical 
and temperate seas. ‘ Specimens from New Zealand are in the British 
Museum collections. 


Ocypoda kuhlii De Haan. 

Ocypoda kuhhi Miers, Ann. Mag. Nat. Hist., ser. 5, 10, p. 384, 1882; Miers, 
Collection H.M.S. Alert,” p. 237, 1884. 

Several specimens from Sunday Island seem to belong to this species as 
described by Miers. The carapace is evenly granulated throughout, as in 
some of the specimens examined by Miers. Specimens were obtained at 
Thursday Island during the cruise of the Alert,” and the species is known 
from other parts of Australia, and is also wddely distributed elsewhere. 

? Cryptochirus coralliodytes Heller. 

F Cryptochirus coralliodytes Heller, S. B. Akad. Wien., 41 (1), p. 366, pi. 2, 
figs. 33-39, 1861 ; Grant and McCulloch, Proc. Lhm. Soc. N.S.W., 
1906, pt. 1, pp. 7 and 33. 1906; Caiman. Trans. Linn. Soc., Zool.,^. 
p. 47, 1900. 

Several female specimens from Meyer Island in brain-coral, 2 fathoms " : 
also two or three small male specimens among other Crustacea from Coral 
Island. 

The males are much smaller than the females, and are less modified 
from the normal Brachyuran type — just as is the case in C. dimorpJius 
Henderson.* 

Of the Meyer Island specimens Mr. Oliver says, “ Lives in a perfei*tly 
circular hole bored in living brain-coral,” 

In general appearance and mode of life these specimens evidently closely 
resemble this species, but I have no means of consulting Heller’s description. 

Mr. McCulloch has kindly compared a specimen from the Ketmadees 
with those collected off the coast of Queensland by himself and referred 
to this species, and finds that they are identical. He states, however, that 
he is doubtful if these specimens should really be referred to C. coralliodytes. 
as they appear to differ in certain points, and he suggests that they pro- 
bably form a new species, distinct also from C. dimorphis Henderson, from 
the Andaman Island. I postpone consideration of this question till I can 
consult Heller’s description of C. coralliodytes. 


♦ Ann. Mag. Nat. Hist., her. 7, IS, p. 214, 1906. 
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Halimus spinosus Hess. 

Ildhmus spuwsiis Hess, Archiv. fnr Nat., 1865, p. 129, pi. 6, iig. 1, 1865 ; 
Haswoll, Cat. Aust. Cru&t., p. 6. 1882 ; McCullocli, Rol*. Aiist. Mus., 
7, p. 53, 1908. Halimus fruticatipes Miors, Ann. Mag. Nal. 
ser. 5, 4, p. 3, 1879; Baker, Trans. Eoy. Soc. 8.Ausl.. 20, p. 120, 
pi. 22, figs. 2, 2a, 1905. 

One male with carapace 27 mm. long from rock-pools, Wunchiy Island 
((\*pfcam Bollons) ; two smaller males from Meyer Island (\V. R. !». Oliver) ; 
and one female with carapace 23 mm. long from Coral Bay, Sunday Island 
(T, Iredale). 

These specimens agree closely with the description given by Miers for 
H. truncati'pes, and undoubtedly belong to the same species as the specimen 
described by him ; they also agree with the short description of H, spiuosus 
given by Hess as quoted by Haswell, and I follow Haswell in considering 
these two species probably identical. According to Miers, //. trmicalipes 
differs from H. spinosus by the much more squarely truncated jc^ints 
of the ambulatory legs. In my female specimen, and particularly in 
the' very small male specimen, these joints are less squarely truncated 
than in the large male, and the character is doubtless one that varies 
with the ago of the specimen. The tubercles on the carapace agree 
very closely with the description given by Miers, and nearly all of them 
bear a number of yellow hooked or curved hairs. These are mentioned 
by Hess, but not by Miers, who only says that the legs are clothed 
with long fulvous hairs. In a dried specimen nearly all these hairs 
came away with the seaweeds when these were removed to expose the 
surface of the carapace. The median spine on the posterior margin of 
the carapace is moderately well marked in the female, but in the male 
is represented only by a small tubercle tipped with yellow hairs. Mier^ 
describes the chelipeds in the male as small; in my specimens they are 
stmewhat swollen and smooth, with the fingers meeting orly at the tip 
when closed, as in //, laevis Haswell. Both specimens bear on the cara pace 
e number of seaweeds held by the curved hairs. 

[i had written the above before I noticed that Mr. McCulloch had come 
to the same conclusion as to the identity ol these two species and that 
Mr. Baker also concuj*rc<l alter comparing Sydney specimcius with those at 
first referred by hhn to //. ^nincatipesJ] 

Huenia proteus Do Haan. 

Mttjft {Uuenia) ptotcus De Haan, Faun. Japon., Cruf.l., p. 95, pi. 23, figs. 4-6, 
1839. Ilueina pioU us Haswell, Cat. Aust. Crust., p. 9, 1882 ; Alcock, 
Jourii. Asiatic 8cc. Bengal, 64, p. 195, 1895 ; Miers, Coll. H.M.S. 
“ Alert;’ p. 191, 1884. 

One small specimen, 5nmi. long, from Meyer Island, 12 fathoms, ap- 
pears to be an immature female of this species. 

The species ranges from Japan and China southwards to the eastern 
coast of Australia, and is also found at the Andemans, in the Indian Ocean. 

Schizophrys hilensis Eathbun. 

ScJiizophrys Mlensis Eathbun, Bull. XJ.S. Fish. Commission for 1903, pt. 3, 
p. 882, fig. 38, 1906. 

1 have several specimens from Coral Bay, Sunday Island, and from 
Meyer Island, which must, I think, be referred to this species. They agree 
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witli Miss Ratlibun’s description in having no accessory spines on the 
rostrum ; the superocular eavo thick, projecting at its posterior angle into 
a sharp tooth ; the post-ocular spine simple ; in having two spines on the 
posterior margm of the carapace ; and in most of the other characters. 
The carapace, however, appears smoother than in Miss Eathbun’s speci- 
mens, and in the central part the spines mentioned by her are either absent 
altogether or indicated only by slight tubercles ; the two cardiac spines 
and the intestinal spine are thus indicated in some specimens, but there 
seems no indication whatever of the three gastric spines. My largest speci- 
men has the carapace from the tip of the rostral spines to the extremity 
of the spines on the posterior margin 17 mm. in length, and the width witlj - 
out spines 10 mm., thus corresponding with the dimensions given by M^ss 
Eathbun. Her specimens are from the Hawaiian Islands. 

Order EUPHAUSIACEA. 

Thysanoessa gregaria G. 0. Sars. 

Thijsanoessa gregaria G, 0. Sars, Eep. Voy. “ Challenger.” 13, p. 120, pi. 21, 
figs. 8-17. and pi. 22, 1885. 

Numerous specimens taken from the stomach of a kahawai fisli {Arripis 
trufta Forster) caught at Denham Bay, 8th September, 1908. 

The species is very widely distributed, especially in southern seas. 

Mr. Oliver states that during September and October the surface waters 
of the bay were literally full of shrimps and shoals of kahawai, and that 
heaps of shrimps were washed up on the beach. Humpback whales ap- 
peared in considerable numbers, and probably fed on these shrimps. 

These shrimps ” may have been of various kinds, but the present 
species and the Hyperids mentioned below are the only pelagic forms in 
the collection that are likely to have occurred in great numbers. 

Order AMPHIPODA. 

Nannonyx kidderi (Smith). 

Eannomjx hdderi Chilton, Subant. Islands N.Z., p. 615, 1909 (with 
synonymy). 

One small egg-bearing female from Coral Bay, Sunday Island. 

This specimen seems to be quite the same as specimens from New Zea- 
land that I have referred to this species. The telson has the sides con- 
siderably upturned, and bears one long and one short plumose seta on each 
margin ; the posterior margin has a rather deep though fairly wide indenta- 
tion, each portion ending posteriorly in two or three stout setae. Third 
iiropod of normal shape for the species ; the inner ramus very small. 

Eurythenes gryllus (Licht.). 

Gam mar us gryllus (H. lichtenstein) in Mandt., Obser\L Groenl., p. 34, 1^22, 
Eurypor&ia gryllus Chevreux, Efeultats Campagnes Sci. Albert de 
Monaco, fasc. 16, p. 24, pi. 14, fig. 4. Eurythenes gryllus Stebbing, 
Das Tierreich Amphip., p. 73, 1906. 

I have one imperfect specimen from Sunday Island which from its 
size and other characters certainly belongs to this species. The body is 
35 mm. in length, and the shape of the different segments and of the side 
plates and the dorsal depression on pleon segments 3 and 4 agrees well with 
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that given for this ispecies. The dorsal cacina is well marked ; it is pietty 
distinct on segments 4-7 of the peraeon and 1 1 of tlie pleon, and there 
is some indication even on the third segment of the peraeon. The s]>eci- 
men was evidently much decayed before it was collected, and nearly all 
the appendages are wanting; the greater part, however, of the second 
giidlliopods is still present, and agrees well with the description given by 
other authors. The same is also true of the mouth parts, so far as I have 
been able to examine them. 

TJie spc(‘ies is well kiiown in northern seas, and lias also been taken 
in various places in the Atlantic and near Cape Horn. Its occuiren(‘e at 
the Kermadecs is interesting, and shows that it probably distriliuted wid(4y 
in southern seas. 

It is celebrated as being one of the largest of the Amphipoda, the length 
sometimes being as mucli as 90 mm. 

Moera mastersii (Has well). 

Moera mastei'sii Stebbing, Das Tierreich Amphip., p. 439, 1906 (with 
spiomuny). 

Two specimens from Coral Bay, Sunday Island. 

Ill colour, shape of the body, eyes, and appendages these specimens 
agree closely with the description given by Stebbing. 

The species is known fi'om Torres Strait and Port Jackson. 

Melita inaequislylis (Dana). 

Melita inaequistylis Chilton, Subant. Islands N.Z., p. 630, 1909 (with 
synonymy). 

One male specimen taken at low-water mark at Coral Bay, Sunday 
Island, by Mr. T. Iredale. 

This specimen has the fourth pleon segment without teeth, the fifth 
with 2 or 3 small teeth, and the gnathopods show the characters usually 
present in adult specimens of this species from the main islands of New 
Zealand. 

? Melita palmata (Montagu). 

f Melita palmata Stebbing, Das Tierreich Amphip.. p. 425, 1906 (with 
s^monymy). 

Two males and one female from Coral Bay, Sunday Island, appear to 
belong to this species. 

It is only with much hesitation that I refer these specimens to this species, 
which, according to Stebbing, is known only from the North Atlantic and 
surrounding seas. In all three specimens the fourth pleon segment is pro- 
duced doTsally to a compressed tooth, and segment 5 bears two small 
denticles, each with a bristle at the base, exactly as described by Stebbing 
for M, palmata^ and the resemblance is very close in practically all the 
other characters, except that the lower antenna is nearly as long as the 
upper, and the secondary appendage of the latter consists of more than 
. two joints — ^three in one specimen, and four in the others. The first gnatho- 
pod of the male is not specially modified, but has the propod and dactyl 
of normal shape, as in the female. The second gnathopod has the propod 
greatly enlarged and widened distally, but not produced into the rounded 
lobe sho'wm in Sars’s figure ; the palm is moderately well defined, and is 
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ratlier convex, its margin being uiiov«^nly creaiate ; the da(‘tyl is lu'oad, 
subacute at exticmitv. and overlap^ the pLopod. 

There are some difEeieiices iKdweeu mv t\vo male specimens, and it is 
e^ddent from the accoiuit gi\en by Stebbnio that the gnathopods of this 
species have been difforeully dest-ibed bv diilert nt aulhoi^. the explana- 
tion probably being that these appendages vary <*oiisidei'ably v'ith age and 
sexual development. 

The teeth on the plcon segments aho show coiisideia})le vaiiation m 
some of the species of 2ldita, so that the discrimmation of the species is 
peculiarly difficult. 

In the meantime I refer mt spec miens to d/. pahftata, ;he species tu 
which they appear to agree most closely. Tlic\ carLii<»t be identified vith 
the preceding species. M, inaeqnisiyhs. foi thev differ, consideuihlv in the 
teeth on the pleon segments and in the shape of the scrond gnathopod of 
the male ; unless, indeed, we are hoie dealing with one cosmopolitan and 
variable species in which there are several forms ot the male, as appea*'' 
to he the case vdth the next species. Ao»*a typica Kroycr. 

Aora typica Krbyer. 

At>ra typica Chilton, Ann. Mag. Nut. Hist., sci. 5, 16, p. 37<^ 1885; and 
Subant. Islands N.Z., p. 645, 1909 : Stebbing. Das Tierreich Amphip.. 
p. 587, 1906. 

One male from Coral Bay, Sunday Island, with first gnatliopod of the 
typo described as A, (/racilis by Spence Bate, and mentioned as “form 2" 
in my first paper quoted above. 

This particular form of the male is very widely distributed. 

? Orchestia gammarellus (Pall.). 

? Orchestia gammarellus Stebbing, Das Tiemuch Amphip., p. 532, 1906 
(with synonymy). 

Numerous specimens “ in sand under stones above tide-marks, Coral 
Bay, Sunday Island.” 

These specimens are ail rather small and probably not fully mature, 
and none of the males show any enlargement of the merus and carpus of 
the fifth peraepods, but in all other respects they appear to agree closely 
vitli the description and figures of this species by Stebbing and S^ars. They 
seem to be indistinguishable from New Zealand specimens that I have re- 
ferred to this species. 


Parorchestia tenuis (Dana). 

Parorchestin tenuis Stebbing, Das Tierreich Amphip., p. 557, 1906 (with 
synonymy) ; Chilton, Subant. Islands N.Z., p. 642, 1909. 

Four specimens from a fresh-water stream, Sunday Island. 

These specimens are too close to New Zealand examples to be looked 
upon as a separate species. They difier, however, from Stebbing’s descrip- 
tion and from typical specimens in having the first gnathopod of the male 
slightly more slender and more spinous, and the outer rami of the first 
and second uropods provided with 3 or 3 small marginal spines. 

In New Zealand the species is common in brackish water at the mouths 
of fresh- water streams, and occurs as far south as Campbell Island. An 
allied species, P. hawaiensisy is found in the Hawaiian Islands. 
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Parorchestia sylvicola (Dana). 

Parorchesti<( sylvicola Stobbiiig, Das Tierreicb Ainphip., p. 668, 1906 (mtli 
bynoiiymy). 

Sunday Island : seven males and twelve females, ‘‘ under dead nikau- 
leaves, Expedition Hill, 26tb May, 1908 ” ; and ten males and two females, 
under dead fern-leaves, Moumoukai, 27th June, 1908.” 

I cannot find any point in which these specimens differ appreciably 
from t;v’|)ical New Zealand examples of this species. It will be noted that 
in the specimens submitted to mo the males— i.e., the specimens with large 
second gnathopods — are more numerous than the females, though on the 
mainland of New Zealand males are usually very scarce. Whether this 
depends on the method of collecting — i.c., selecting the largest specimens — 
on the season of the year, or on the characteristics of a local variety I can- 
not say. I have elsewhere drawn attention to the similar abundance of 
males in the collection of different species of Parorchestia, from the subant- 
arctic islands of New Zealand (sec Subant. Islands N.Z., p. 603). 


Phrosina australis (Stebbing). 

Phrosimt australis Stebbing, Eep. Voy. Challenger,” 29, p. 1431, 1888. 

One large specimen, Sunday Island (Captain Bollons, 1907) ; two 
smaller ones washed up on Elat Beach, Sunday Island (W. R. B. Oliver, 
1908). 

I refer these specimens to this species, of which a single specimen, 
under a quarter of an inch in length, was taken by the Challenger ” at 
Station 164d, east of A.ustralia. 

Mr. Stebbing says that the only difference of importance he can dis- 
cover between P. semilmata JRisso and this species is that the first and 
second uropods, ^'instead of having broadly rounded extremities, are dis- 
tinctly narrowed and acute, or nearly so ; the telson also is less rounded 
apically than in the other species.” In my specimens the pleopods and telson 
are rather imperfect, but so far as they can be observed they do not seem 
to differ much from the figure of P. smiilunata given by Stebbing. In the 
other points mentioned by Stebbing my specimens seem to agree with his, 
but the differences from P. semilunata appear to be very tri^dal, and but 
for the locahty in which they were found I should bo inchned to refer my 
specimens to that species, 

Phronima novae-zealandiae Powell. 

Phroiiinm novae - zealandiac PoweU, Trans. N.Z. Inst., 7, p. 294, 1873; 
Stebbing, Rep. Voy. ‘‘ Challenger,” 29, p. 1356, 1888. 

Several specimens washed up on Low Elat Beach, Sunday Island. 

Plalyscelus intermedius G. M, Thomson. 

Plafyscelus intermedius G. M. Thomson, Trans. N.Z. Inst., 11, p. 244, pi. IOd, 
fig. 4, 1879. 

Several specimens from Sunday Island (Captain Bollons) ; one from 
stomach of a kingfish, Sunday Island ('VV. R. B. Oliver). 

Mr. Stebbing says that this species seems scarcely, if at aU, distinguish- 
able from Phiyscelus orofdca.” 
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Oxycephalus clausi Bovallius. 

Ouifcephalus clausi Stebbino, Rep. ^ov. *' Challeiit^er,” 29. p. 1583 pi 
1888. ‘ 

One specimen cast up on Tenvice’s Beach, Sunday Island, and two im- 
pel toot specimens wasliod up on Flat Beach. 

The perfect specimen aiirees closely with Stebbiu£>'s destiiptions <md 
figure. Ho points out that the species is nearly allied to 0. ethrardsii G. M. 
Thomson, which is occasionally washed up on Xew Zealand shores, but 
that there are difierences in the gnathopods, the fifth peraeopod. &c. In 
the Kermadec specimens ^'the postero-lateral anales of the first three seg- 
ments [of the pleon ai-e] produced into a short sharp point, behind which, 
at some distance, the hind margin forms a similar point'* as de&cnbed by 
Stebbing, while in 0. uovae-zealamliae it is only the hind marohi that K 
produced into a point. 

Caprella acutifrons Latreille. 

Caprella acutifrons Mayer, Die Caprelliden der Siboga-Expedition, 24, p. 79, 
pi. 3, figs. 4-28 ; pi. 7, figs. 62-65 ; 1903. 

A large number of specimens of both sexes and of various sizes “ fi-om 
husk of cocoanut washed up on Denham Bay Beach, Sunday Island.” 

These specimens show all the essential characters given by Mayer, and 
mubt be referred to this widely distributed species. The assignment of 
them to any one of the numerous varieties described by him is a much more 
difficult task ; but in the shape of the second gnathopod, with its concave 
palm, &c., the thickened peduncle of the first autemia, and the lateral ex- 
pansions of the third and foui'th segments of the body they resemble 
var, porcelUo, from the Uape of Good Hope, 

Another variety occurs at Port Jackson, Australia, and the species as a 
whole is very widely distributed, though it has not been recorded horn 
New Zealand. 

Order It^OPODA. 

Rocinela orientalis fc^chiodte and Meinert. 

Piocinela orientalis Schiodte and Meinert, Naturhistorisk Tidssknft, sei. 3, 
12, p. 395, pi. 13, figs. 1-2, 1879 ; Stebbing, Trans. Linn. Soc., 
ZooL, 14, p. 101, 1910 ; Richardson, U.S. Bureau of Fisheries, 
Document No. 736, 1910. 

One o\ugerous female cast up on Denham Bay Beach, Sunday Island- 

Tliis specimen agrees very closely indeed with Schiodte and Meinert’s 
description and figures. The whole of the dorsal surface is light bro\Mi in 
colour. 

They record the species from the Philippines and from Calcutta ; the 
specimen examined by Mr. Stebbing was from Zanzibar. 

Meinertia imbricata (Fabricius). 

Oniscus imbricatus Fabricius, Mantissa Insectorum, 6, p. 241, 1787. <Wa- 
tothoa hanhsii Miers, Cat. N.Z. Crust., p. 105, 1876. Meinertia im^ 
hricaia Stebbing, South African Crustacea, pt. 1, p. 58, 1900. 

Several small specimens from Sunday Island (Captain Bollons. 1907) ; 
others from the throat of a “ maomao ” (Scorpis aequipinnis), Sunday Island 
(SV. R. B. Oliver, 1908) ; and one collected by Mr. Roy Bell. 

The species is widely distributed in the Indian Ocean, South Africa, <fec. 
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Nerocila macleayii (Leach). 

Snocila uuhncala Miera, Cat. N.Z. CnisL. p. 107, 1876. NinocUa macleaiju 
Chilton, Trans. N.Z. Inst., 26, p. 68, pi. 11, 1891. 

Tn\o spoc'iniciiLS from fiuuday Island, (ollccted by Captain Bollons. 

Dynamenella huttoni (G. M. 1'hoiiison). 

Ihfmmene JiutUmi 6. M, Thomson, Trans. N.Z. lust., 11, p. 234, pi. IOa, 
fig. 6, 1876. DijnameneJla huitoni, Chilton, Subant. Islands N.Z., 
p. 657, 1909. 

One specimen collected at the islands by Captain Bollons. 

The species is common on the Ne^\’ Zealand coasts, and has been recorded 
fi*om the* Antipodes Islands. 

Cilicaea caniculata (G. M. Thomson). 

yesen mniculata G. M. Thomson, Trans. N.Z. Inst., 11, p. 234, pi. 10 a, 
fig. 7, 1879. Naesea caniculata Miers, Collections H.M.S. Alert,” 
p. 309, 1884. Cilicaea canaliculata Hansen, Q.J.M.S., 49, p. 123, 
1905. 

One male and one female “ on brain-coral, 2 fathoms, Meyer Island.” 

In the male the end of the abdominal process has been broken off, but 
I think there can be no doubt that the specimens belong to the same species 
as the New Zealand specimens known by this name. 

An allied species, C. intreillei. with several varieties, is found in Aus- 
tralian seas, and appears to differ in the details of the abdominal process 
of the male and of the uxopods in both sexes. 

Idotea metallica Bose. 

Idofea metallica Bose.. Hist. Nat., Crust., 2, p. 179, pi. 15, fig. 6, 1802 ; Miors, 
Jornm. linn. Soc., 16, p, 35, 1881 ; Chilton, Trans. N.Z. Inst., 22, 
p. 193, 1890; Stebbing, Trans. Linn. Soc., Zook, 14, p. 108, 1910 
(with further synonymy); Thielemann, Abhand. Math-phys. Kl. K. 
Bayer. Akad, d. Wissenschaften, 2, Suppl.-band, 3 Abhand., p. 63. 
1910. 

One specimen cast up on the beach. Sunday Island. 

A pelagic species, almost cosmopolitan in distribution. It has been talv'<Mi 
in New Zealand seas. 

Ligia novae-zealandiae Dana. 

Liyia novne-zealandiae Dana, U.S. Expl. Bxped., 14, Crust., pt. 2, p. 739, 
pi. 49, fig. 2, 1853; Chilton, Trans. Linn. Soc., 8, p. 107, pi. 11, 
fig. 1, 1901. 

Several specimens from Sunday Island. 

I refer these to L. novae-zealandiae \nth some hesitation. They agree 
in most respects, but have the body narrower than is usually the case in 
that species, and the m*opoda are somewhat longer and, especially in the 
peduncle, slightly more slender. These specimens agree closely Wh the 
description given by Miers of specimens from Port MoUe which he describes 
under the name Ligia gaudichaudii var, australiemis Dana.” As Miers 
pointed out, L. novae-zealandiae (including L. quadrata G. M. Thomson) 
is very close to the species which he was then describing. I have numerous 
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specimens fiom Victoria and Hobart -which T have considered to l)e L. aus- 
traliemis Dana, and these, though very close to X. novae-zeohndiae, differ 
in a few details in the appendages, especially in the male, and until a care- 
ful comparison can be made ot specimens from diffeient localities I prefer 
to keep the two species distinct, and in the meantime to look upon the 
K(‘rmadec Islands specimens as a local variety of the New Zealand species. 


Trichoniscus kermadecensis sp. nov. Fig. 3. 

Body oblong-oval, greatest breadth about half the length, narrowing 
somewhat to each end, pleon not abrupt]}' narrower than peraeon. Dorsal 
surface of head and peraeon scabrous with small spinose tubercles, mostly 
arranged in transverse lines, a few small ones on segments 3-5 of plf^on, h\if 
remainder of pleon nearly smooth. 

Head much broader than long, antero-Iateral angles a little produ<'ed 
and rounded, frontal margin slightly convex, first segment of peraeon with 
antero-Iateral angles reaching half-way along the lateral margins of the 
head, posterior margin straight, posterior angles rectangular and slightly 
rouuded ; posterior angles of the second segment similar, those of the third 

to the seventh segments progressively 
more produced and acute, those of the 
seventh reaching almost to the end of 
the epimera of the third segment of the 
pleon ; third, fourth, and fifth segments 
of pleon with fairly well-developed and 
evident epimera, terminal segment tri- 
angular, posterior margin straight with 
angles slightly rounded and bearing 3 or 4 
minute setules. 

Eyes of three ocelli slightly separated 
from one another. 

Antennae rather stout, fourth joint of 
peduncle slightly tuherculated, fifth as 
long or longer and more slender, its an- 
terior margin with 3 or 4 spiny tubercles, 
posterior margin with fine setae, flagellum 
slightly longer than the last joint of pe- 
duncle, indistinctly divided into 5 joints, 
with the usual pencil of long setae at 
the end. Uropods with basal joints very 
broad, extending a little beyond the pos- 
terior segment, outer ramus one and a 
half times as long as the base, inner ramus about half as long as the outer, 
its base concealed by the basal joint in dorsal tiew, both with a fur of fine 
setae and with a few long setae at the end. 

Length of body, 4 mm. ; breadth, 2 mm. 

Colour . — Greater part of dorsal surface dark brown or almost black, 
with 2 broad indistinct bands of lighter markings a little to each side of the 
median line ; some specimens much lighter in colour than others. 

Hab . — ^Pour specimens, labelled Fresh-water stream, Sunday Island.’" 
It is probable, however, that these animals do not habitually live in the 
water, but in damp moss, &c., on the banks of the stream. 



3 . — TricJioniscuti kermadecensis : 
Pleon and uropoda. 
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In tlio size, foim of the l)ody 5 character of the dorsal surface aud of the 
app(‘ndages tins species is close to T. commensalis Chilton, which is tom- 
monly found in ants’ nests in New Zealand. That species differs, how- 
eMi. ni colour and in the greater compactness of the body and in the shorter 
antennae and uiopods, and it has the tubercles on the dorsal surface miuh 
lietter marked. 

Philoscia oliveri sp. nov. Fig. 4-. 

Elongate-oval, widest at fourth and fifth peraeon segments, narrowing 
slightly anteriorly and posteriorty, dorsal surface with small sparsely 
scattered hairs. First two segments of peraeon with margin very slightly 
sinuous, first segment slightly longer than the others, postero-lateral angles 
of segments 5, 6, and 7 somewhat produced hut not acutely, those of seventh 

segment reaching to the middle of the lateral 
margin of the second pleon segment. Pleon 
abruptly narrowed ; first two segments a 
little shorter than the others ; third, fourth, 
and fifth with very small adpressed epimera ; 
last segment broader than long, sides slightly 
sinuous ; extremity broadly rounded and 
bearing a few setules. 

Antennae about half as long as the body, 
hirsute, second and third jomts subequal, 
the fom*th shorter than the fifth, and sub- 
equal with flagellum, the 3 joints of which 
are of about equal lengths. Uropods with 
the base extending beyond the telson, nar- 
rowed proximally, its outer side grooved 
and inner margin with a dense fnnge of 
very short setae, inner ramus arising a little 
anterior to the outer and about halt as long, 
both slender and hirsute; total length of 
uropod nearly equal to that of pleon. 

Fig. 4.— olivcri: PJeoii Length, 5 mm. ; greatest breadth, 2 mm. 

and uropod. Colour . — Light brown, with marblings of 

darker browu sometimes foiming indistinct 
longitudinal bands, one central and two lateral. Mr. Oliver notes that the 
species is “ very variable in colour.” 

Hah . — Expedition HiQ and Mount Junction, Sunday Island ; several 
specimens from each locality. 

This species appears to belong to the same section of the genus as 
P. pulescens Dana from New Zealand, P. mina Budde-Lund and P. hirsuta 
Budde-Lund, both from the Cape of Grood Hope. I have specimens, not 
yet described, from Norfolk Island which are a little broader and a little 
darker in colour, but w'hich appear to he only a variety of the present species. 
P. Ufuensis Stehhing, from the Loyalty Islands, presents some resemblances, 
but differs in the outline of the body and in the much shorter pleon and 
uropods. 

I have named this to indicate my indebtedness to Mr. W. Reginald B. 
Oliver for the opportunity of examining the fine collection of Crustacea be 
made at the Keocmadec Islands in 1908. 
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Metoponorthus pruinosus (Brandt). 

Poicellio pruvwsus Br<mdt, CoJispoctiis Omscidorum, pp. 181 (19), 188 

1833. Metopomitlius putinosiis Buddc-Lund, Cru&t. Isop. Ten’cst., 
p. 169, 1885: Chilton, Ann. Maa. Nat. Hibt., ser. 7, 16, p. 428, 
1905; and Tivns. N.Z. Inst.. 38. pp. 64, 65, 1906: Stebhing, Aim. 
South Airican Mub., 6, p. 440, 1910. 

Numerous specimenH lound under logs, stoues, &c., at Denham Bay, 
Sunday Island. 

Mr. Oliver says of these spei-iiuons, “ Perhaps introduced,'’ and they 
certainly belong to this European species, ^hich has now been distributed 
to most of the temperate regions. I have already discussed its occuirence 
ill Norfolk Island and New Zealand in the papers quoted above. 

Subclass CIREIPEDIA. 

Order THORACICA. 

Lepas pectinata Spengler. 

Lepns pectinata Darwin. Cirripedia (Lepadidae), p. 85, pi. 1, fig. 3, 1851 ; 
Hutton, Trans, N.Z. Inst., 13. p. 329, 1879; Gnivel, ttrrliipedes, 
p. 107, fig. 119, 1905. 

Numerous specimens from Sunday Island ; some on Spirilla shells. 
They agree well with Darwin’s description. 

The species is veuy widely distributed, and was recorded from Auckland, 
New Zealand, by Hutton in 1879. 

Lepas denticulata Gruvel. 

Lepas denticulata Gruvel, CirrbipMes, p. 107, fig. 118, 1905. 

A few small specimens collected at Sunday Island by Captain Bollons 
in 1907 appear to belong to this species. 

They agree well with the figure given by Gruvel, differing from L. pectin- 
ata in having the ridge on the scuta from the umbo to the apex situated 
some distance from the convex occludeiit margin ; the carina is dorsally 
crested, and bears 4 or 5 well-marked teeth, but I cannot make out the 
projecting points on the two branches of the inferior fork, nor is the tooth 
on the internal umbonal angle of the left scutum distinguishable. 

GruveTs specimens are from the Philippines. 

Lepas anatifera Linnaeus. 

Lepas anatifera Darwin, Cirripedia (Lepadidae), p. 73, pi. 1, fig. 1, 1851 ; 
Gruvel, Qrrhipedes, p. 103, fig. 121, 1905 ; Stebhing, Ann. South 
Airican Mus., 6, p. 563, 1910. 

Numerous specimens which I refer to this species were obtained from 
Sunday Island. 

These specimens can be separated pretty easily into three varieties. 
A few of them agree pretty closely with the type of this species as described 
by Darwin : in them the valves are almost smooth, the radiating lines 
not being prominent ; the carina is rather narrow and fairly acuminate 
at the end. Many other specimens have the carina more or less distmctly 
barbed, and agree well with Darwin’s var. (b) ’’ ; in these the radiating 
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lineb oil tlie scuta arc more distinct tlidii in tlie specimens already referred 
to. A lew specimens differ fi’om both of the varieties already uiciitioned 
in ha^dng the carina much bToadou and less acuminate, not barbed, and 
in having littJ(^ or no trace of an internal tooth on either scutum. The 
radiating lines on both S( atn and torga are fairly distinct. These speci- 
mens therefore diffin* from thi^ typkal form of L. annfilera in the al)sen(*e 
of the internal tootii on the right-hand scutum and in th(‘ shap(‘ ot the 
carina. In some respects they seem to (‘ome pr<‘tty close to L. lestndimia 
Aurivillius, from the Cape ot Good Hope. They differ, however, from that 
species, as described and figured by Gruvel, in Ihe broader carina and 
in the shape of its fork, and apparently also in having 5 t<'etli on the 
mandibles. Neither of tliose points is ot much importance, and but tor 
the absence of the internal tooth on the scutum there is perhaps little to 
distinguish L, testudinata from L, anatijera. In my Kermadoc Island speci- 
mens both the scuta have the umbonal angle someAvhat incm*vcd, but there 
is nothing that can strictly he called a loolh on cither of them. For the 
present I prefer to look upon these specimens as a variety of the wide- 
spread and vanahle L, anatijera It differs from L. hillii in having only 
two filaments. I have numerous spe(*imcns from the Chatham Islands that 
appear to he practically identical with this variety from the Kermadocs. 

L, anatifera is almost cosmopolitan, but has not lioen recorded Irom New 
Zealand seas. 


Lepas fascicularis Ellis and Holander. 

Lepas lascicularis DarvMii. Cimpedia (Lepadidae), p. 92, 1851 ; Gruvel, 
Cirrhipedes, p. 105, fig, 116, 1905 ; Stebbing, Ann. Houth African 
Mus., 6, p. 564, 1910, 

A single specimen washed up on Sunday Island. 

This specimen has the short peduncle completely surrounded by a 
spherical mass formed of the secretion of the cement-glands, the whole 
forming a float, as described by Darwdn. 


Subclass OSTEACODA. 

Order PODOCOPA. 

Cypridopsis minna (King). 

Cypris mhina King, Pi'oc. Roy. Soc. Van Diemen’s Land, 3, p. 64, pi. 10b. 
Cypridopsis minna G, 0. Sars, Fresh-water Enlomostraca of N.Z., 
Yidensk. Selsk. Skr., 1, M.-N. Kl., No. 5, p, 30, pi. 4, figs. 3 
1894. 

A few specimens from fresh-water swamps, Denham Bay, appear to 
belong to this species. 

They agree well in shape of the valves with Sars’s description and 
figures. The species is very near to C. viridis Thomson, and, like it, is 
found both in New Zealand and in Australia. 

Ilyodromus smaragdinus 6. 0. Bars. 

Ilyodromus smaragdimis G. 0. Sars, Fresh-water Entomostraca of N.Z., 
Yidensk. Selsk. Skr., 1, M.-N. Kl., No. 5, p. 43. 1894, 

Specimens from fresh water in swamps at Denham Bay and from under 
stones in shallow water, Green Lake, agree well with Sars’s descriptions. 
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The type spccmiens wore raised by Sars from dried mud from the neigh- 
bourhood of Dunedin, but the species doubtless occurs more widely in 
N(‘W Zealand. 

I have several specimens ol another Ostraced with the shell liaht- 
coloured, with 3 or 4 irregularly scattered patches of black or very dark- 
blue pigment on each valve. These I have not been able to identih-'. 

Subclass BRANOHIOPODA. 

Order CLADOCERA. 

Daphnia thomsoni 6. 0. Sars. 

Daphnia similis Thomson, Trans. N.Z. Inst., 16, p. 240, pi. 13, hgb. 6-y. 
1881. Daphnia thomsoni G. 0. Scirs, Fresh-water Entomostraca of 
N.Z., Vidensk. Selsk. Skr., 1, M.-N. H., No. 5. p. 5. 1894 ; Stebbing. 
Ann. South Alrican Mus., 6, p. 489, 1910. Daphnia similis Claus 
var. thomsoni Richard, Ann. Sci. Nat., ser. 8. vol. 2. p. 217, pi. 25, 
figs. 13, 14, 1896. 

Numerous specimens from fresh water in swamps at Denham Bay ; 
collected on 20th June, 28th July, and 28th September, 1908. 

I have been able to compare these specimens with some from the type 
Icoahty, Eyreton, North Canterbury, New Zealand, and can detect no 
difference except that the Kermadec specimens have both the head and 
the body a bttle less broad. Li them, too, the spine of the carapace is 
longer than in most of my Ne-w Zealand specimens, but the length of this 
varies, and, according to Sars’s observations, is longest in specimens of 
the earliest generations, in these attaining nearly haK the length of the 
carapace, as in the Kermadec specimens. It will be noticed that Mr. 
Oliver’s collections were all made early in the season, the first on the 20th 
June. 

The species is known both from New^ Zealand and from the Cape of 
Good Hope. 

Dr. Jules Richard considers D, similis Thomson simply a variety of 
the widely distributed species of the same name earlier established by Claus. 

Subclass COPEPODA. 

Order EUCOPEPODA. 

Numerous specimens of a Cyclops ■were obtained in the fresh waters 
of the swamp at Denham Bay, and also from among weeds in Green Lake, 
but I have not yet been able to identify them satisfactorily with any of the 
numerous species of this genus kno'wn from Australia and New Zealand. 

A few specimens of a Pontella were washed up on Flat Beach, Sunday 
Island, on the 6th June, 1908. The species has not yet been determined. 

In the collection are also two parasitic Copepoda, one apparently a 
Lepeophtheims, taken on the hapuka ; and the other, which appears to 
belong to Pandarus, on a shark. Neither species satisfactorily identified. 
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L.— Sponges collected at th^ Kermadcc Islands by Mr, W. It. B, Olnrr, 
By Professor H. B. Ktrk, M.A. 

[Read before tlie WeUuKjton Philosophical Sm ichp 5lh (kiobei, 1910. \ 

Plate XXVIJ. 

In May of this year I received from Mr. W. E. B. Oliver a small collection of 
sponges from the Kermadec Islands. Apparently about eleven or twelve 
species are represented in the collection. Nearly all of these, so far as I 
have at present been able to examine them, are species hitherto imdescribed. 
This is surprising, in view of the fact that the Challenger ” collections 
contained some sponges from the Kermadec Islands, and Von Lendenfeld 
has described others. It is remarkable also that there is so much distinct- 
ness from the Australian sponges. It is, however, highly probable that 
most of these Kermadec Island sponges are found in New Zealand. I hope 
to deal with the remainder of this collection in a subsequent paper. 

In the descriptions in this paper I have not generally given the diameler 
of fibres, but the scale of the drawing is shown in each case. All drawnigs 
of fibrous skeletons are from specimens treated with water and afterwards 
carefully dehydrated and brought into balsam. In the dried specimens 
as received the fibres were in nearly all cases much shrunken. 

Genus Tethya Lamarck. 

More or less spherical Tethyidae, without highly specialized pore-bearing 
grooves, and without a sand-layer in the choanosome. 

Tethya lyncurium Lin. var. australis var. nov. Fig. 1. 

Sponge about 2 cm, in diameter and 1-5 cm. in height. Surface marked 
by rounded elevations and depressions, the elevations echinated by the 
spicules of the brush. No appearance of tesselation. Colour of formalin- 
preserved specimen pale yellow. 



Fia. 1 . — Tethya lyncutium var. avslrahs. 
la, 16. Styli, 2. Strongyle. 3. Oxeote. 4. Spherasler. 6. Chiaster. 


The general arrangement of the skeleton is that of the typical T, lyn- 
curium, Megascleres are for the most part styli (fig. 1, la, 16) with (the 
base rounded, the apex usually blunt but sometimes sharp, and the 
■widest part of the spicule about a third of the distance from the base. 
The styli vary in size ; an average size is 1'3 mm. by 0-02 mm. There] are 
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a smaller number oi strongyloxea. 1*05 mm. by 0-015 mm., aud a few un- 
doubted oxea, 0*9 mm. by 0-015 mm. Bpicules of all three kinds occur 
also ill the choanosome, between the rays. The microscleres are very small 
chiasters, and larger and more massive spherasters. The chiasters are most 
almiidant just at the suiface of the sponge, where they form a close layer, as 
in the type (see Bowerbank, “ British SpoHifiadae,'' vol. 2, p. 93). * They 
are also abundant in the inner portion of the ectosome, and are freely scat- 
tered throughout e(*tosome and choanosome. The spheraster*^ are unevenly 
scattered through the (^ctosome, and are rare in the choanosome. The 
chiasters have a very small centrum, and about 12 slender straight rays 
always distinctly tylote. This tylote termination of the rays is like that 
of T. japonica, figured by fcSollas (IX, pi. xliv), and that of T. lyncunum 
var. a, described by Bendy (TV, p. 113). The chiaster is noticeably different 
from that of the type as figured by Schmidt (VIII, pi. iv). Carter (XI. pi. ii), 
and others. Length of ray, 0-01 mm. The spheraster has a massive body 
and from 12 to 18 stout pointed rays, which are never spined. The length 
of the ray is 0-02 mm., and the total diameter of the spicule 0-06 mm. 

This sponge is identical with one found on the New Zealand coasts, but 
not hitherto described. It is perhaps identical with Lendenleld’s T. multi- 
Stella (Y, p. 46), in which, however, no strongyloxea nor oxea are reported. 
It is also very near Bendy’s T, lijncurium var. a (IV, p. 113). 1 note these 

points of difference : — 


T. lycurium var. a. 

Vent noticeable m preserved speci- 
mens. 

Megascleres : Styli faintly tylote. 

No oxea nor strongyla. 
Microscleres : Spheraster rarely 

spined. Spheraster-rays about 12. 
Chiaster : Rays 6-9. 


T. lycunum var. australis. 

Vent not noticeable in preserved 
specimens. 

Styli not tylote. Oxea and strongyla 
present. 

Spheraster never spined. Spheraster- 
rays usually more than 12. 

I Rays more than 9. 


I propose to establish this variety vdth some reluctance, and only do 
so to avoid any possible confusion in notions of distribution. 

Five specimens were received, preserved in formalin. “ Meyer Ishmd, 
near Sunday Island, in rock-pools ; 24/4/08.” 


Grcnus Reniera Nardo. 

Skeleton forming a close reticulation of usually single megascleres, each 
forming one side of a mesh. Spicules short, usually oxeote. In most cases 
the ends of the spicules are bound to the adjacent spicules by a little spongiu. 

Reniera reversa n. sp. Fig. 2. 

Sponge flattened and encrusting. Length, 4*5 cm. Thickness, 0*7 cm. 
There are a few scattered oscula flush with the smrface of the sponge, and 
about 4 mm. in diameter. 

The skeleton consists mainly of blunt oxea, which are slightly curved. 
These are bound together by scarcely discernible spongin into meshes 
which may be 3-, 4-, or 5-sided. From the upper surface of the sponge 
there project slightly curved styli, the blmit end directed outwards. These 
are imbedded for about half their length. They form various angles with 
the surface. 
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Size ot spicules : Oxen 0*1 mni by 0-006 mm. ; styh, 0-84 moi. by 
{) 014 mm. 

Two specimens were received dry and somewhat broken. The label 
leads “Taken m rork-pools, Meyer Island (neai Sunday Island) ; 29/2/08.” 




Fio. 2. Fig. 3. 

Fig. H.’-^Meniera revetsa. 

1. Section of skeleton at right angles to surface. 2» 3. Styli, 4. Oxea 
Fig. 3 . — Ghalina fistuloaa. 

I. Portion of dermal skeleton 2. Section of skeleton at nght angles 
to surface 3. Oxea. 


Genus Vualinx Grant. 


Chahninae whose skeletal reticulation is typically rectangular. Fibies 
usually slender, \nth much spongin, and few, but usually woll-dcvoloped, 
spicules. 


Chalina fistulosa n. sp. Fig. 3. 

Sponge massive, sessile ; with well-developed oscula, oval or rounded, 
which terminate short fistukr processes on the upper surface of the sponge. 
Fistulae from 5 mm. to 12 mm. in height ; oscula from 5 mm. to 8 mm. m du- 
meter. Surface smooth. Colour of dry specimen dirty-yellow. Texture harsh. 

Internal skeleton showing approximately rectan^ar meshes. Longi- 
tudinal fibres usually a little stronger than the transverse ones, and loosely 
cored with a strand of spicules often arranged with some irregularity. In 
the transverse fibres the spicules are few, never forming a connected strand 
and never polyserial 

^ Dermal skeleton shows fibres that are about the same diameter as the 
primary fibres of Idle internal skeleton, but dark in colour. They form a 
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polygonal nctwoik, the meshes o£ which are broken up by finor, iiregulai 
fibres of light colour. Spicules arc never polyserial in the dermal skeleton, 
and are more numerous in the secondary fibies. Many he outside the fibres. 

Spicules arc all oxoa, straight or slightly curved, running somewhat 
suddenly to a fairly sharp point. Size, 0*05 mm. bv 0*004: mm. 

This sponge appeals to be close to Dendy’s G. dathmta (TV, p. 151) 
and to Topsent’s C. smiths (X, p. 481). 

A single dry specimen received. Cast up on Denham Bay beach, 
Sunday Island ; 27/7/08.” 

Genus Toxoohalina Ridley. 

Ridley (VII, p. 402) founded the genus Toxoohahna for “ Ghalmidae with 
well-developed horny fibre arranged rectangularly. Spicules, a skeleton 
acerate and a tricmwate a cerate (^ Bogen ’) flesh spicule.” 

One of the Kermadec Island sponges is a Ghalvna in every respect of 
structure, except that it has minute flesh spicules in the form of oxea. In 
view of the fact that many of the Chalimnae have been described from 
beach-worn specimens, and some of thorn may yet be found to possess flesh 
spicules, it seems unwise to establish — at present, at all events — ^a new genus 
djflering from Toxochalina only in the form of its microscleres. I there- 
fore suggest a slight emendation of the generic character to admit sponges 
diflering from Ohalina in the presence of simple linear microscleres. 

Toxochalina oliveri n. sp. Fig. 4, and Plate XXVII, fig. 2. 

Sponge attached by the greater part of the lower surface. Oscula pro- 
minent, on the summit of rounded elevations on the upper surface, or on the 

crest of level ridges formed by the 
concrescence of such elevations. 
Colour yellowish-bufE. Texture 
firm. Length of specimen, 
9*5 cm. ; width, 6 cm. ; height, 
1-5 cm. 

Structure of skeleton : Primary 
fibres running in parallel or in 
radiating lines to the surface, 
connected by the secondary 
fibres, which form with them 
and with each other rectangular 
meshes. The primary fibres 
contain an uneven strand of 
oxea loosely and irregularly ar- 
ranged, most numerous at the 
nodes. The strand thins out in 
places to the point of disappear- 
ance, but usually it consists of 
about six series of spicules. 
Secondary fibres thinner than 
the primary, containing few 
spicules, and these not poly- 
serial and not in contact end to 
end. The general appearance 
of a section of the skeleton is very like that of SipkoTwekaMm prooumbens 
as figured by Dendy (III, pi. 68, fig, 4), In the dermal skeleton the meshes 
are subdivided by finer fibres (fig. i, 2). 

19 — ^Trana. 



3*^0. 4 . — Toxochahna oUveri, 

1. Section of skeleton at right angles to surface. 
2. Portion of dermal skeleton. 3. Oxea. 
4. Microscleres. 
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Spicules : The spicules of the skeleton are slightly curved oxea with 
bluntish ends. Size, 0*24 mm. by 0*008 mm. The microsclercs are minute 
stiongyla, smooth and straight or slightly curved. 

The sponge is quite unlike Toxoehalina foliodes {Desmacidon joliodcs 
Bowexbank), reported by Lendenfeld (VI, p. 797) from Thursday Island. 
That sponge is not in Mr. Oliver’s collection. 

A single dry specimen received. Cast up in Coral Rav, Sunduv Island ; 
2/5/08,” 

Genus Clathria Schmidt. 

“ Ectyoyiinae of various habit, frequently clathrous. Skeleton a reti- 
culation of fibre, usually with much spongin, containing smooth styli and 
echinated by spined styli.” — Dendy (IV, p. 170). 



Fig. 5. — Ck^ria inte) media. 

1. Poxtion of skeleton, la. Portion of skeleton at right angles to stirface. 
2 Sohioatii]^ smooth styli. 2 d, e, /. {Smooth styli, sometimes eohi- 

nat^, more often in fibre or in sponge-flesh. 3 a, 6, c, rf, c. Smooth slender 
styli of fibre and sponge-flesh, 4, Fehinating^spin^ styli. 5. A diact spioule 
in bofled-ont preparation. 6. Toxa. 7, 8. Isoohelae. 9. Simple sigma. 
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A Clathrioid sponge in Mr. Oliver’s collection has both smooth and 
spined echinating styli. I think it best to interpret the generic character 
as to cohination to mean that there must be spined echinating styli and 
that there may be smooth echinating styli as well, rather than to establish a 
new genus Cor this sponge. 


Clathria intermedia n. sp. Fig. 5. 

Sponge massive, encrusting, harsh to the touch. On the upper surface 
are numerous low, conical elevations, each terminating in a circular osculum, 
which is about 3 mm. in diameter. 

The single specimen is 5 cm. long, 1*5 cm. high. Colour brownish- 
grey. 

Skeleton showing primary and secondary fibres. The former generally 
radiate from the waUs of the gastral cavity to the surface ; the latter connect 
the primary fibres, giving approximately right-angled meshes. Colour in 
balsam light amber. The primary fibres are cored by a strand of smooth 
styli, the stiand being from 1 to 4 spicules thick. The apex of the spicules 
is nearly always directed towards the surface of the sponge, where one or 
two of these smooth styli may project from the end of the primary fibres. 
Secondary fibres seldom contain spicules. Both primary and secondary 
fibres are echinated sparsely by smooth and by spined styli in about equal 
numbers. Only the base of the echinating spicule is imbedded in the 
spongin, and the spicules project at almost right angles to the fibre. There 
is no special dermal skeleton. The sponge-flesh contains abundant smooth 
styli showing no definite arrangement. 

Spicules : Megascleres all styli. (1.) The most characteristic are fairly 
stout spicules with well-rounded base, the broadest part of the spicule being 
about one-third of the length from the base. These spicules usually run ab- 
ruptly to a sharp point. Size, 0*1 mm. by 0*009 mm. The smooth echinating 
spicules are all of this kind, as are most of these that core the fibres or that 
lie loose in the sponge-flesh. In the latter position the styles may be blunt, 
and there are long and slender styli. The most slender have a thickness 
of about 0*001 mm., and these may be variously curved. (2.) Spined styles 
occurring as echinating spicules only; somewhat tylote, spines irregu- 
larly scattered, directed straight outwards. The spicule tapers to a fairly 
sharp point. The apical portion of the spicule — about one-sixth of the 
whole length — is the only part that is always free from spines. Microscleres 
— (1) Isochelae, palmate. As the spicule lies on its side it presents a distinct 
indentation on the convex side ; this represents the shank of the spicule, 
along which the palmate expansion does not extend. (2.) Simple sigmata, 
somewhat larger than the isochelae. These are few in number. (3.) Toxa, 
slender, sharp-pointed ; usually with a well-marked primary curve, and 
feeble secondary curves. 

A single dry specimen. '' Cast up on Denham Bay beach, Sunday 
Island; 27/7/08.” 


Genus Clathbiodbndron Lendenfeld (V, p. 216). 

" Desmacidionidae with exceedingly large tylostylote megasclera. The 
spongin fibres of the supporting skeleton contain oiily few spicules. Echi- 
nating spicules spined styli.” 

19 * 
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Clathriodendron rubrum n. sp. Fig. 6, and Plate XXVII, fig. 1. 

External Characters : Sponge erect, branching freely, the br, inches 
bi^readiug widely. Branching begins close to the basal disc, «ind here the 
branches are thick and in section roundish oi’ oval ; above they become 
flattened and expanded, the ultimate branchings being digitate processes 
on the margins of these palmate portions. Surface unbroken by conuli ; 
no oscula observable in the dry state. FTeight of largest specimen, 9-5 cm. 
Colour of dried specimen reddish-brown, becoming dark red on immersion 



Fig. 6 . — Clathriodendron mhum. 

1. Section at ri^t angles to surface. 2. Oxeote. 3. Stylus. 4. Tylostyli. 5. BascjsJJof 
tylostyli. 6. Mform tylostyli. 7. Spined styli. 8. Doubtful miorosoleres. 

in water. The colouring-matter is in the sponge-flesh, and dissolves out 
readily ; it appears to be due to associated Algae. Skeleton tough, and 
harsh to the touch, becoming soft when wetted. 

Skeleton reticulated ; spongin abundant ; primary fibres generally 
radiating, and somewhat uneven. The secondary fibres form with them 
meshes that are oval or polygonal, or often rectangular, the rectangular 
shape most observable in the younger parts of the sponge. Primary fibres 
corm mo:re ox less abundantly with smooth slender styli and tylostyli, 
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among wibich are a few blender oxoa. Similar spicules lie in tlic sponge- 
fiesli, and often parallel to the fibres. Secoiidaiy fibres not cored. Both 
primary and secondary fibres are sparsely ecliinated by spined styli. On 
the older surfaces of the sj)onge the echinating spicules are much more 
numerous, and many of the styli that he outside the fibres become closely 
bound to them. 

Spicules : Mcgasclcres — (1.) Smooth styli. These are long and slender, 
and variously curved. They may be 0-5 mm. long, bur seldom exceed 
0-005 mm. in thickness. The tliiekcot parr of the spicule is usually about 
one-quarter of the length from the base. Apex sharp. (2.) Smooth tylo- 
styli ; very numerous, and presenting much variation. The most cha- 
racteristic are, on an average, 0*7 mm. long and 0-008 mm. thick ; apex 
sharp, base cither simply tylote or with the tylosis not quite termmal 
(fig. 6, 5). There are also cxceediugly slender, hairhke tvlostyli, sometimes 
with a double tylosis (fig. 6, 6). (3.) Oxea : These are uot numerous ; they 

are slender and variously curved. Length, 0-015 mm. ; usually sharp- 
pointed. Intermediate forms between these and the smooth styli occur. 
(1.) Spined styli : Those oc(*ur as echinating spicules only. They usually 
taper from near the base to the apex. Size, 0-09 mm. by 0-007 mm. Spined 
irregularly throughout their length, the spines directed backwards. Micro- 
scleres (?) : There occur both in the sections and in the boiled-out pre- 
parations, numerous irregular rodlike bodies that arc possibly microscleres 
(fig. 6, 8). They are usually straight, and may be scattered or arranged in 
starUke masses. They seldom exceed 0-005 mm. in length. 

Three specimens received, two of them small and battered. Owing 
to the great length of the characteristic spicules and to the fact that the 
sponges had been much (-rushed in transit, the longer spicules are usually 
broken. 

Cast up on Denham Bay beach, Sunday Island ; 29y'8/08.’’ 
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Art. LI . — Anatomy of Siplionaria obliquata (Suwerbi/), 

By A. J. Cottrell, M.A., M.8c. (N.Z.).**- 
Comnmmcatod by Prof(‘ssor Benhani. 

[Head hefoie the Otago Institute, Jst Novemhet, 19 JO.] 

Plates XXVlll, XXIX. 

Habits, etc. 

Si^honaria ohliquaia is a marine Gastropod, being one of the cornTnonest 
characteristic of onr shores. Superficially it resembles the limpet, and, 
like the latter, it is found in rocky places attached to rocks which are 
covered at high tide. T have collected specimens of this mollusc on the 
rocky beaches at Port obeli o (Otago Harbour), St. Clair, Brighton (Duucdbi), 
and Oamaru. I have also examined specimens collected at Kaikoura, and 
also some very fine specimens from Wellington. When out collecting I 
have found them always in the same regions as limpets, but on the paats 
of the coast I have visited they are not nearly so plentiful as the latter. 
As a rule, the large specimens were found in out-of-the-way crevices in 
the rocks, well above the low- water mark. Others, however, w-ere found 
nearer the low-tide mark, while many of the smaller specimens were col- 
lected from pools. 

Externals. 

The Shell Plate XXVIII, fi^s. 1, 4, 5 ; Plate XXIX, fig. 1. 

The mollusc is protected by a strong calcareous conical shell, which 
can easily be distinguished from that of the limpet by the following fea- 
tures : — 

In Svphonaria the apex of the shell lies nearer to the posterior end and 
to the left side of the middle line, while in Patella (all species found on our 
coast) the apex lies nearer the anterior end of the shell, and in the middle 
line (Plate XXVIII, figs. 1, 4, 5 ; a). 

Ridges radiate from the apex to the margin, which is notched, and 
concentrically are the lines of growiih. On the right side, starting from the 
apex and extending to the edge of the shell, is a triangular ridge which 
corresponds on the inner side of the shell to the siphoual groove or not(‘h 
(Plate XXVIII, figs. 1, 5 ; Plate XXIX, fig. 1 ; 5w). The external surface of 
the shell is dark in colour, resembling the rocks to which the creature adheres, 
while the inner surface is of a light colour, varying from a light cream to 
a brownish-yellow. The interior of the shell is coated with the usual 
nacreous layer, in which the muscle-impressions can be seen (Plate XXIX, 
fig. 1 ; ?/^f). These indicate the points of attachment of the pallial must*l(‘s, 
both past and present. They form an almost complete ring, broken only 
in the region of the siphonal notch. 

Body-wall, Plate XXVIII, figs. 1, 4. 
creature is divisible into head and body, but there is no neck* 
During locomotion these parts are distended, and protrude considerably be- 
yond the shell (Plate XXVIII, figs. 1, 4), but when the tide is out the body 
is drawn into the shell, which comes into close contact round its margin 


ib part of the thesis upon which the University of New Zealand 
awarded the author first-clasb honours in 1906. 
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with the rock, though not so closely as does that of the limpet. This is the 
condition in which I have most frequently found them. The thick body- 
wall surrounding the internal organs on the sides (Plate XXVIII, fig. 1 ; 
hu) is composed of a dense mass of muscular tissue, the fibres of which rmi 
in all directions, thus rendering a great variety of movement possible. 

In all legions of the body-wall tormina the sides of the mollusc some 
oi the cells of the epid<‘rmis aio differentiated to form multicellular mucous 
glands, which project inwards among tin* muscles. The cavitv of each 
is eluh-sliaped, the nariow part ending cxteinallv in a pore. Around this 
cavity the cells arc arranged — large glandular vacuolated cells, the out- 
lines of which are not distinct. These cells secrete the mucus or material 
which forms it. It is stored in the cells in the form of granules, which 
stain very deeply in borax carmine. These can be seen even under the 
low power as conspicuous red masses. The secretion is discharged into 
the cavity, and on the contraction of the muscles in the vicinity it reaches 
the exterior. These glands arc very numerous, and some of them are of 
considerable size. When the animal is disturbed it shrinks up, causing 
a ( onsiderable quantity of mucus to be exuded. 

Foot, Plate XXVIIT, figs. 2, 3. 

The foot is of considerable size, consisting of the whole of the ventral 
suiface behind the head. In the case of specimens preserved in formol 
the foot is much shrunken (Plate XXVIII, fig. 2 : /) ; but I managed to 
kill a fine specimen in a very well-distended condition, and then hardened it 
in a strong spirit. This specimen shows very well the extent of the foot 
(Plate XXVIII, fig. 3 ; /) There is a slight propodium, on to which a large 
pedal gland opens in the median line. This gland extends through the 
whole length of the foot (Plate XXVIIT, fig. 3 ; yg, p). The foot, like the 
body-wall, is very muscular, and has the same structure as the latter, except 
that here are no mucous glands, and in this region the epidermis is com- 
posed of columnar cells. The beautiful movement of the muscular foot 
mav be well seen if a Imng specimen be made to creep up the inside of a 
glass vessel. Tlio action is similar to that of a snail. 

Head. Plate XXVIII, figs. 1, 2, 3. 

The head is marked off from the body by a slight fmxow running trans- 
versely across th<‘ ventral side immediately in front of the foot, and ex- 
tending upwards for only a short distance on each side (Plate XXVIII, figs. 1 
and 2). Ajittiriorlv the head is convex, and the thick wall investing it is 
continuous with the body-wall described above, and has the same structure. 
Ventrally the head is flat, and is in contact ^rith the surface to which the 
mollusc attaches itself. Like the foot, this part of the head is used for 
effecting locomotion, and has the same histological structure. When dis- 
tended the right and left lobes of the head can be well seen (Plate XXVIII, 
fig. 3 ; rl, IT), No tentacles arc present on the head, though part of these 
lobes on either side may correspond to tentacles. 

External Orifices. Plate XXVHI, figs. 1, 2, 3 ; Plate XXIX, figs. 2, 3. 

The mouth is situated in the middle of the ventral side of the head it 
is a transverse slit, somewhat crescentic in outline, and median in position 
(Plate XXVIII, fig. 3; m). 

On the right side of the body is the respiratory orifice, situated half- 
• way along that side (Plate XXVIII, fig. 1 ; r). In largo specimens it is about 
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\ in. ill diameter. The orihce is bounded above bv the iiiaiitlc-cdgc, and 
below by the body-wall, which is hero differentiated to lorm a Jcind of 
miiscuhiL’ valve (Plate XXVIII, figs. 1,2; ms). To close the apoituro this is 
brought into contact with the mantle-edge by means of its muscles. The 
creature thus has the x>()wer of openinu and closing this respiiatory oiiHce. 
The anus opens into this orifice on the lower sid(' (Plate XXIX, figs. 2, 3). 

The single genital pore also opens on the right aide, at th(‘ junction 
of head and bodv (Plate XXVIII, figs. 2, 3 ; fjp). 

Mantle-edijc, Plato XXVIII, fig. 2. 

The free edge of the mantle extends all round the upper edge of the 
creature, jusb inside the shell (Plate XXVIII, fig. 2 ; n/c). This is th ' lower 
margin of the mantle, and normally it lies close to the shell all round and 
nearly flush with its margin. Its edge resembles in colour and form that 
of the shell. On irritation the pallial muscles draw it up into the sliell 
with the body. In it are numerous blood-vessels, and it is probably respi- 
ratory. Mucous glands like those of the hody-wall arc present in this part 
of the mantle. 

Morphology and Histology. 

Pallial Organs. Plate XXVIII, hg. 7 ; Plato XXIX, fig. 2. 

The shell is attached to the creature by means of Ihe pallial muscles, 
which extend round the latero-dorsal margin of the body, ox(*opt at the 
siphonal notch, thus forming a ring broken only at this point, as is indicated 
by the muscle-impressions on the shell mentioned above (Plate XXVIII, fig. 7 ; 
pm). At the siphonal notch and over the rest of the dorsal surface the 
tissues are quite free from the shell. The pallial muscles are thickest near 
the siphonal notch. 

On dissecting the muscles away from the shell, the latter may be re- 
moved, and the mantle, which extends over the whole dorsal surface, is ex- 
posed (Plate XXVIII, fig. 7). It encloses between itself and the dorsal body- 
wall a large pallial chamber, which extends out us far as the pallial 
muscles, by which the mantle is attached to the body. In tlie region of 
the heart, however, the roof of the pallial cavity is attached to the dorsal 
wall of the pericardium. This chamber conamunicates with the exterior by 
the respiratory orifice opening on the right side — a comparatively small 
branchial aperture — a contrast to the extensive apertures of a large section 
of the Gastropods: in thi^ feature Siphonatia resembles the Pulmonates. 
The pallial organs can be seen by transparency. Perhaps the most inteiest- 
ing of these organs is the lung ; it is formed by about the anterior tliird 
of the mantle, which is very vascular (Plate XXVtII, fig. 7 ; t). Just behind 
this, on the left side of the chamber, can be seen the heart, lying in the 
pericardium ; this I shall include in the account of the vascular system. 
The kidney is attached to the walls of the second third of the chamber, 
and immediately behind this the gill is seen forming a semicircular band 
round the porterior region (Plate XXVIII, fig. 7 ; Plate XXIX, fig. 2 ; y). 

The lung is similar to that of the Pulmonates. From a vessel running 
roxmd the anterior margin of the mantle numerous vessels are given off 
which run backwards in the mantle ; some of these give rise to two and 
even three rami. A corresponding set of vessels take their origin among 
the^ terminations of these, and convey the blood to the pulmonary vein, 
which runs along the posterior edge of the lung to the heart (Plate XXVIll, 
fig. 7, ef.v, af.v; Plate XXIX, fig. 2). 
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Tlio kidney is of a palf'-bi*o\\iiisli coloui ; it consists of two regions, 
doisal and ventral, folded one over the other (Plate XXIX, fig, 2 ; die, vh). 
The lormer is attached to the mantle, and near the respiratoiy orifice, dose 
to the gill, has a small spherical swelling— the renal papilla--on Vhich 
the umal pore opens (Plate XXIX, fig. 2; rp). The papilla is always more 
or less concealed by the gill. The ventral reaion is somewhat leaf-shaped 
in outline, and is attached in the same way to the floor of the paUiai 
chamber. The whole of the kidney is glandular, and contains no extensive 
cavity as is seen in the kidney of, ejj,, Anodonta or Uhio, On the left 
side the kidney lies close to the pericardium, the right end of which it 
partially sun’ounds. 

The gill is composed of a series of laminae separate from one another, and 
each independently connected to the mantle by one of its lateral edges, the 
other edge hanging freely into the pallial chamber (Plate XXIX, fig. 2 ; g). 
As noticed above, this series of gill-laminae forms a semicircle round the 
posterior end of the pallial chamber. Running round the giU on its posterior 
side is a large vein — ^tlic afferent branchial vein ; and there is another 
having a corresponding position on the anterior side — ^the efierent branchial 
vein. With these vessels the ends of each lamina are connected, the 
posterior end with the former vessel, and the anterior with the latter. 
Each lamina tapers at each end to a small tubular structure carrying a 
branch from one of thos(‘ vessels on to the lamina. Between these two 

extremes each lamina spreads 
out and is thrown into longitu- 
dinal folds, and on the edges or 
ridges formed by these folds 
secondary laminae often arise. 
Dorsally some of these folds may 
unite with the mantle, especially 
in the case of those laminae form- 
ing that part of the gill near the 
respiratory orifice, where the giU 
is most strongly developed and the 
folding is very complicated. 

Each surface of a gill-lamina is 
covered by a layer of ciliated epi- 
thelium, consisting of a single layer 
of cells, which axe somewhat 
Fic. 1. — TnAXbvmsu 8 ectio>( of Oill- cubical, and contain large nearly 
uvMiNA ; X oO. circular nuclei. These nuclei stain 



hv. Anterior renal vein going to the kidney ; 
e, edge of lainina attached to mantle ; 
e', tree edge of lamina ; gl, gill-lamina ; 
gl\ becondary gill-laimna ; m, mantle 
forming roof of pallial chamber. 


very deeply in borax carmine. 
Between these two surfaces lies 
connective tissue containing blood- 
spaces. There are no skeletal ele- 
ments in connection with this gill. 


The blood flows from the posterior vessel into the gill-laminae, and, 
passing through the blood-spaces in them, is brought close to the water in 
the paUial chamber, and is thus aerated. 

The gill is ciliated, and the water surrounding it is kept in motion by this 
means. The blood passes on, and is gradually collected into larger spaces, 
and finally, reaching the cfEerent vessel, is carried to the hea^. 

This gill seems to be quite different feom the typical ctenidium ; it does^ 
however, resemble certain parts of the ctenidia of some opisthobranchs. 
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Ahmenlary System. Plato XXVIII, fig. 6 ; Plato XXIX, fig. 3. 

The mouth perforates the tliick muscular wall of the ventral side ol the 
head in a direction vertically upwards, and loads into the cavity of Iho 
buccal mass— the “ buccal cavity.” The buccal mass is situated in the 
head, the cavity ol which it practically fills. Tl is spherical in shape, of <i 
dark colour, and is veiy muscular. Lying on the dorsal surface of the biicc<il 
mass, and usually almost concealing it, is a pair oi salivary glands, one on 
each side. The oesophagus passes away from the buccal m«iss on the dorsal 
surface, arising near the anterior end, and, following tin' (urv<‘ oi the buccal 
mass, it passes backwards and downwards till it reaches the floor oi the 
body-cavity, where it soon enters the stomach, which it joins on the ventral 
region of the anterior surface, the transition from oesophagus to stomach 
being very marked (Plate XXIX, fig. 3 ; oc, st). The stomach extends 
from the buccal mass to the posterior end of the creature, occupying a large 
part of the left haK of the body-cavity. When distended it is cylindrical, 
and is of smaller diameter in the middle than at the tvro ends (Plate XXVIII, 
fig. 6 ; si). The digestive gland is very extensive ; it occupies a large part 
of the posterior half of the body-cavity, and its lobes completely surround 
the posterior half ol the stomach. It is really divisible into a right and a 
left part ; the left is the larger, and the digestive juice is collected from its 
various lobes by ductules into the main ducts, which cuter the stomach 
close together on the left side near the posterior end. The right part is 
much smaller ; its duct joins the stomach on the right side, also near the 
posterior end (Plate XXVIII, fig. 6 ; dg, dg% 

The intestine passes away from the left side of the stomach, at the hinder 
end, posterior to and below the ducts of the digestive gland (Plate XXVIII, 
fig. 6 ; ^). It is at first wide, but soon becomes a narrow thick-walled tube, 
i^er passing forwards and upwards it coils twice among the lobes of the 
digestive gland, and comes on to the dorsal surface on the right side, near the 
posterior end of the creature. It then runs forwards as the thin wall rectum, 
which on reaching about the middle of the length of the animal takes a sharp 
turn to the right, ending at the anus on the lower side of the respiratory orifice. 
Just inside the mouth, at the entrance to the cavity pf the buccal mass, 
there is a chitinous jaw. This jaw is crescentic in outhne, and extends from 
side to side of the buccal cavity on the anterior side of the mouth, VTion 
the creature is fuUy distended the jaw comes to the surface, and assists in 
breaking up food. It is attached at the lower end of the thick muscular 
anterior wall of the buccal mass to the chitinous lining of this region. The 
structoe of this jaw is very similar to that of a radula ; it is composed of 
a basement membrane of chitinous material, beset with numerous smal 
teeth. These teeth are cylindrical, pointed, all alike, and very numerous. 

Captain Hutton seems to have incorrectly described this jaw as “ An- 
terior margin papillate — ^rest smooth.”* 

The epithelium fining the buccal cavity is everywhere covered by a layer 
of chitin, which varies in thickness. 

This cavity is blocked up by two similar and symmetrical muscular 
masses, one on each side of the middle fine. Each is simply a muscular 
thickening of the wall of its respective side. Also projecting into the 
buccal cavity, behind these structures just described, is the “ odontophore,” 
with the radula. The radular teeth are comparatively small, very numerous, 
as in HeliXf and are carried on a chitinous basal membrane. They are 


* Trans. N.Z. Inst., vol. 16, p. 141. 
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arranged in transverse rows, tbo average number of teeth in each lovr being 
about 120. Each row contains three kinds of teeth, and these are found 
in defiinte positions on the radula : — 

1 . A median tooth. Tliis tooth is about half the size of those immediately 
to thej’ight or lell ; it is conical and symmetrical (fig. 2 ; mt). 



Fia. 2. — Radul\ (x 370), suowiNo Median and Admedian Teeth. 
at, Admedian tooth ; jnt, median tooth. 


2. To the right and left are a large number of admedian teeth, each of 
which is roughly conical, and on its outer side has a notch which gives rise 
to a second cusp about the middle of the outer side of the tooth (fig. 2; at), 

3. The lateral teeth resemble the admedian, but each has three cusps ; 
the median one is large, and, instead of being pointed, is broad and rounded : 

the lateral cusps, one onjeaoh 
f Sj side, are small, pointed, and 

' I occupy a corresponding posi- 

' I • * A those of the admedian 

Yy 1 k \ teeth (fig. 3). Each radular 

\ (| J tooth has a basal portion 

r'^ ^ \\\ I which is imbedded ia the 

M/ \ ah fv/ chitinous membrane support- 

\ Cj ( I -j ® ing the teeth. 

\ ,\ \ ' There is no sharp line of 

/ '// demarcation between ad- 

(* Ij u/ ^ median and lateral teeth, 

^ Fio. 4. but one series graduates into 

o ^ the other. 


Radular Teeth; x 370. The salivary glands are 

Tig. 3. Side view of admedian tooth, showing base (6) lobulate structures composed 
and point (p). of large gland-cells with large 

Pig. 4. Lateral tooth, showing the three onsps (a, h, c). round nuclei, which stain very 

deeply in borax carmine. 
Each gland tapers posteriorly, and the two are comiected by a string of little 
lobes passing feom the posterior end of one to the posterior end of the other. 
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This string is simply a continuation ol the glandular tissue ; it passes over 
the oesophagus, under the cerebral commissure — d.c., it passes through 
the nerve-collar. The secretion of each gland is collected by ducts which 
ramify through the gland into a main duct. Each of these ducts (right and 
left) leaves its respective gland near the buccal ganglion, and, passing into 
the buccal mass close to tlie c erebro-buccal connective, discliargi's into llu^ 
buccal cavity near the exit ol the oesophagus. The stomach is qiiile dif- 
ferent iroin the corresponding region in llchx : tlunv is no crop as in 
and whereas the stomach oi Ilehx is very small, IhaL of Hipliomria is very 
large. But it may be urged that the anterior part oJ this region wliich I 
have called stomach may correspond to the crop oi Hvlix^ especially as the 
diameter of the tube is slightly less in the middle than at the ends. The 
posterior end of the stomach, as I have used the term, would then correspond 
to that of Helix, Yet for the following reasons I prefer to call it aU tlie 
stomach : (1) The transition externally from oesophagus to stomach is very 
marked (Plate XXVIII, fig. 6 ; st)^ while it is not well marked in Helix ; 
(2) the digestive fluid is discharged into the posterior end of one large 
chamber and is mixed with the food in that chamber, and this docs not lake 
place in Helix, but the food passes out of the crop to the small stomach 
further on, into which the digestive glands open. 

Nervous System, Fig. 5, and Plato XXVIII, fig. 6. 

The nervous system is characterized by the great concentration of its 
ganglia in the anterior part of the body. It consists oi a ring of nervi'- 
tissue surrounding the oesophagus immediately behind the buccal mass 
at the point where the oesophagus reaches the floor of the body-cavity 
(fig, 5; Plate XXVIII, fig. 6, w). The gaugha are confined to the lateral 
and ventral portions of the ring. In life they are of an orange colour, and 
can thus be readily recognized. 

There is a pair of cerebral ganglia situated one on each side of the latero- 
dorsal surface of the oesophagus, lying almost on the sides. These are put 
into connection by a stout commissure which paases over the oesophagus 
(fig. 5 ; cc). Each cerebral ganghon gives rise to six or seven nerves, which 
innervate the cephalic region. Two of these nerves on each side go to the 
region round the mouth, and the others are distributed to the muscles and 
sense-organs of the floor and walls of this region, including the eyes. 

From each of these ganglia a connective goes through the muscles of 
the buccal mass to the buccal ganglia. The buccal ganglia lie close to- 
gether on the dorsal surface of the buccal mass mider the oesophagus, at 
a point immediately behind where the latter becomes free of the buccal 
mass (fig. 5 ; 5). These ganglia are ovoid in shape, and are connected by 
a well-defined commissure. They give off nerves supplying the muscles ol 
the buccal mass. 

The pleural ganglia (fig. 6 ; pZ) lie very close to the cerebral, and practi- 
cally abut upon them, so that the cerebro-pleural commissure is quite short. 
The left pleural ganglion gives rise to a connective passing straight across 
to the visceral ganglion, which lies very near to the right pleural ganglion, 
being sepamted from the latter by a very small ganglion, probably the 
representative of the parietal. Thus the right viscero-pleural connective 
is very short, and consequently the whole visceral loop is likewise very 
short, and the number of ganglia on it is reduced (fig. 6 ; pv, pa, v). Each 
pleural gan^on also gives off several nerves. From the left a large nerve 
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runs obliquely across the floor of the body-cavity, and is distributed to 
the walk and the mantle. There is a corresponding nerve from the right 
pleural, but it does not inin so far back, going on to the body-wall just 
behind the penis. The pleural ganglion on this side also gives a stout 
nerve to the penis. 

The visceral ganglion gives off a nerve passing back to the stomach 
(fig. 5; (j), and another obliquely to the right ; the branches of this latter 
nerve go to the body-wall and rest of the viscera. Close to the pleural 



Fig. 5 . — ^Nervous SysTBM. 

I, Buccal ganglion ; 6c, ccrobro-bucoal connective ; r, cerebral ganglion ; cc, cerebral 
commis&urc ; el, external labial nerve ; y, gastric nerve ; il, internal labial nerve ; 
pa, parietal ganglion ; pc, pedal comnussure ; para-pedal commissure ; 
yl, pleural ganglion ; phn, pleural nerve ; pn, pedal nerves ; jwi', penial nerve ; 
p, pedal ganglion ; pv, pleuro- visceral connect] ; v, visceral ganglion. 


giuiglia on the underside of the oesophagus lie the pedal ganglia, one on 
each side. Those arc connected by a sroiit commissure which is much 
shorter than the cerebral commissure. It is supplemented by a second 
(para-pedal) commissure of about half its own thickness (fig. 5; fo, pc'). 
The pedal ganglia are, of course, coimected to the cerebral by connectives. 
These he anteriorly, and so close to the other ganglia that they are not 
easily seen. The pedal gangha give rise to several stout nerves, which 
innervate the muscles of the foot. 
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Sense-organs. Plate XXVIII, fig. 4. 

Distributed all over the external surface of the body are tactile organs, 
as evidenced by the fact that when a part ol the epidermis is stimulated 
the creature withdraws that region, and so adjusts itself to its environment. 

I looked for an otocyst, but was unable to find one. 

A pair of eyes is present. Each is situated on the anterior region oC the 
head, well to the side, and symmetrically placed with n^gard to the other 
(Plate XXVIII, 4 ; e). I discovered them by cutting a aeries of s(‘ctions 
through the head of a young specimen. Each appears to lie imbedded in 
the muscles of the cephalic wall, at the base of a little depression which 
deepens when the animal shrinks up, and the eye is concealed. Usually the 
eyes cannot be distinguished in an external examination, but two specimens 
I managed to get so well distended that the eyes were clearly visible. 
Captain Hutton, in his brief account of the New Zealand Siphonaridaej 
says no eyes are present.* 

The eye is of the usual molluscan type — densely pigmented, and cc»n- 
taining the usual homogenous lens filling its cavity. 



Pig. 6.— Repeoductoby System ; x 2. 


rd, Common duct — glandular region ; cd\ common <luct — non-glandidar region ; M, her- 
maphrodite duct ; Jid', small process formed of coil of hermaphrodite duct ; 
Aflf, hermaphrodite gland; hg', point at which hermaphrodite duct enters the 
common duct ; p, penis ; pro, prostate ; sfM, sperraotheca duct ; sfh, sporino- 
theca ; seminal vesicle ; r/p, genital pore. 

Reproductive System. Eigs. 6, 7, and Plate XXIX, fig. 3. 

Siphoyiaria oUiquata is hermaphrodite ; the organs of reproduction are 
both large and complicated, and comprise a hermaphrodite gland, a large 
glandular common duct, spermotheca, and a laige penis (fig. 6 ; hg, cd, 
sth, p). These occupy a large part of the right half of the body-cavity. 
The genital products arise in the hermaphrodite gland, a dull orange- 
coloured organ lying partially imbedded in the digestive gland on the right 
side, near the posterior end of the body. It consists of several lobes, and 
on gently separating these there can be seen issuing fi*om them little white 
ducts, which unite to form a main duct — ^the hermaphrodite duct. This 


• Tiaus. N.Z. Inst, vol 15, p. 140. 
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duct is of small diamotor ; it passes forward, and after reaching the pos- 
terior extremity of the common duct runs across its large posterior region 
(fig. 6 ; hd). iitcr a sharp bend, which gives rise to a small finger-shaped 
process (M), it enters tb(' posterior end of the common duct, which end 
is directed forwards owing to the fact that this extreme posterior part of 
the common duct is bent upoji itself. About tlie middle of its length the 
hermaphrodite duct dilates somewhat, giving rise to the se min al vesicle, 
which rests on the posteiior end of the common duct (fig. 6 ; sv). The 
common duct consists of two parts — glandular and non-glandiilar. (1.) For 
about liaK its length the duct is large and very glandular ; this region 
runs forwards, and, except for the posterior bend mentioned above, is quite 
straight (fig. 6 ; cd), (2.) The duct then gradually loses its glandular 
character, and tapers to a tube of comparatively very small diameter ; at 
the same time it bends sharply on itself twice, and then on reaching the 
body-wall it bends forward again, running on the left side of the spermo- 
theca duct towards the penis (fig. 6; cd'). At the side of the glandular 
region of the common duct is the spermotheca, a spherical greyish sac 

supphed with a stout 
muscular duct which 
runs forwards with the 
common duct, both en- 
tering the penis close 
together near the geni- 
tal pore (fig. 6 ; sih. 
$tM, cd\ gp). 

The penis is a large 
muscular pyriform 
organ, occupying the 
anterior region of the 
body - cavity on the 
right side of the buccal 
mass. It opens to the 
exterior by the genital 
pore. Distally the 
penis tapers to a thick- 
walled muscular tube, 
which carries at its end 
the prostate gland 
(fig. 6 ; p, pro). This 
gland has a bright- 
orange colour, while 
the penis is of a light- 

Fio. 7.— Heraiapheobite Gland {Transverse Section); , 

X ()0. The various lobes of 



eft Central follicle, producing spermatozoa {up) ; c/, external 
foUioles, producing ova (o ) ; ef.d, eiferent duct leaving 
central follicle ; x, j)assage from external to central 
follicle. 


the hermaphrodite 
gland are made up of 
follicles. In each lobe 
there is a somewhat ex- 


tensive central follicle 


surrounded by smaller follicles which are outgrowths from its walls 
(fig. 7 ; cf, ef). From the germinal epithelium of these outer follicles the 
ova arise, and in section each of these follicles contains one, two, or three 
oya — seldom more* From the epithelium of the large central follicle the 
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speimatozoa arise and develop in this follicle. Here are found spermatozoa 
in all stages ol development, and when mature they pass from the follicle 
by means of an efferent duet to the main hermaphrodite duct. The outer 
follicles discharge their ova into the central one, and the ova thus reach the 
hermaphrodite duct in the same way (fig. 7 ; c/. ef.d, x). These ducts of the 
hermaphrodite gland are all ciliated. In the region of the seminal vesicle 
the dorsal side of the hermaphrodite duct loses its cilia, and becomes differ- 
entiated into a glandular structure of a beautiful rich dark brown. The cells 
of this gland are very large, and each contains a yellow secretion, which is 
distributed throughout the whole cell. In my sections of this region I found 
the lumen completely blocked up with spermatozoa. 

There is no sharply marked-off albumen-gland discharging into the 
common duct, as in the case of A'plysia and Helix, but the co mm on duct 

is itself very glandular, the posterior 
end especially; and the glandular 
walls of this duct, which become 
much folded, as we shall see, consti- 
tute the albumen-gland, so that the 
albumen-gland appears to form part 
of the duct in the reproductive system 
of SipJionaria obliquata. The lumen 
of this region of the duct is very com- 
pMcated, and for the purpose of fol- 
lowing out its anatomy I cut a series 
of sections through the whole of the 
duct, and by a study of these have 
been able to arrive at certain conclusions, which I propose to discuss in 
another paper. 

The eggs are deposited in a gelatinous material round the base of the 
mollusc, and are left attached to the rock in more or less circular ribbon- 
like masses (fig. 8). There are several eggs enclosed in each shell. 

Notes on- PRESERvraa, bto. 

For preserving my specimens for dissection I used both formol and 
alcohol. The former has the advantage of preserving the natural colours, 
and this fact is especially useful in studying the nerve-collar, the ganglionic 
masses beuig orange-coloured. However, formol renders the tissues, witli 
one exception, very hard ; this exception is the glandular region of the 
common duct. In formol specimens I found this to swell up and becomi' 
very brittle, so as to make it almost impossible to dissect. This organ 
preserves better in alcohol, and my drawings are from spirit specimens. 

I tried several methods of killing Siphonaria so as to get the specimen 
well distended. I found this end was accomplished best by leaving freshly 
collected specimens for four or five days in a dish with a little sea-water 
in the bottom, then getting them gradually into fresh w^ater. and thence 
into spirit or formol. 

For fixing the tissues for histological purposes I used corrosive subli- 
mate, corrosive sublimate plus 5 per cent, acetic acid, and glacial acetic 
arid. With all I obtained good results, but where I was able to make a 
fail comparison between them I found that in the majority of my prepara- 
tions the last reagent gave me the best results. 



Fiii. 8 . — Gel4T1nou«* Ribbox-ltke Mass 
coxTAixixo Eggs, 

Representwl as deposited by Siplwmria. 



Cottrell. — Jiuifomti of Sipliniiai ia obliqiiata. 
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For staiiiiDg pieces of the tissues to be mounted whole I used alum 
carmine ; for sections borax earmine and picro-carmine gave good results, 
(‘xcept in the case of the genital duct, which I found difficult to get well 
stained : this organ requires three to four days’ soaking in the stain. This 
difficulty arises in all probability owing to its size. In some preparations 
I used picro-nigrosine to show up the connective tissue, which it stains 
blue. 

AfFINI'ITES op SlPHONARIA OBLIQUATA. 

Ill the original thesis I discussed at some length the affimties of S, obli- 
qmta. Results arrived at may be summarized briefly as follows : — 

O'pisthobranch Characters, 

1. The spermoviduct is undivided throughout its length, a condition 
not characteristic of the Pulmonates. Some closely related genera, how- 
(^ver — e,g,, Gadinia and Amphibola — ^have the duct divided. 

2. The condition of the hermaphrodite gland. 

3. The gill is possibly a modified <‘tenidium, but some authorities coii- 
bidor it a secondary structure. 

Pulmonate Characters. 

1. Large mantle-cavity, with small contractile respiratory pore. 

2. Presence of a lung by which aerial respiration may be effected. 

3. Presence of a pedal gland opening anteriorly between head and foot. 

4. Its mode of life differs from that of Opisthobranchs. 

In conclusion, I \\'ish to acknowledge my indebtedness to Dr. Benham 
for many valuable suggestions in preparing the present paper for publication. 
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EXPLANATION OF PLATES XXVIII, XXIX. 

PtVTE XXVIll. 

Fig. 1. Side view of Siphonarta obliqmta ; natural size, a, apex ot shell ; bw, body- 
wall ; h, head ; ms, muscular swelling of body-waU forming valve to close 
respiratory orilice ; r, resiuratory oritice ; an, siphonal notch ; «, bheU. 

Fig. 2. Ventral view of S. dbliquata ; natural bize (fi-om a contracted spirit specimen). 

/, foot ; qp^ genital pore ; /i, head ; m, mouth ; ms, muscular swelling of 
hody-waU forming a valve to close the respiratory orifice ; me, free edge of 
mantle ; r, respiratory orifice ; a, shell. 

Fig, 3. Ventral ^new of S, dbhqunta ; natural size (Irom a large specimen well distended). 

U, left lobe of head ; ptj, pedal gland ; p, pore of pedal gland opening on to 
propodium ; jf, right lobe of h^. Other letters as in fig. 2. 

Fig. 4. Anterior view of S. dbliqiuttn. Same specimen as represented in fig. 3 ; natural 
size, ft, apex of shell ; c, eye ; h, head ; rl, right lobe of head. 

Fig. 5. Shell ot iS. dbliqmtJta ; dorsal view : natural size, a, apex ; an, siphonal notch. 

Fig. U. Alimentary system ; side view : digi^&tivo gland removed ; x 2. a, anuh ; 

hm, buooai mass ; dg, remains of left pari of digestive gland, showing the 
two ducts entoiing the stomach elobe together ; dg% remains of right part 
of digestive gland ; floor of body-cavity j /, foot; i, inteRume; n, nerve- 
collar ; oe, oesopha^ ; r, rectum ; aq, salivary gland ; at, stomach. 

Fig, 7. Dorsal surface of 8, obliquaia ; shell removed ; X 2. a, auricle ; ar.v, anterior 
renal vein; a/.t?., an afierent vessel of lung; af.pulv^ afferent pulmonary 
vein; a/.hr.u, a^rent branchial vein; ef.v, an efierent vessel of lung; 
e/.puLv, effer^t pulmonary vein ; e/.hr.v, efferent branchial vessel ; giU ; 
k, kidney; I, lung; m, mantle-erige ; pm, paDlal muscles; ped, pori- 
cardixon ; pre;, posterior renal vein ; pv, pallid vessels ; v, ventricle. 

Flatb XXIX. 

lilg. 1. Shell erf 8. obliquaia ; ventral view, mt, muscle impressions and tracts, show- 
ing successive position of the muscles as the animal grows ; an, biphonaJ 
notch. 

1^. 2L Dorsal view of j$. obliquaia, with pallial chamber opened and mantle turned 
to the left; x 2. a, anus; af.br.o, afferent branchial vein; ef.puLv, 
efferent pulmonwcy vein; g, dk, dorsal pari of kidney; I, lung; ms, 
mnscle-nbres of floor of p^Ual chamber ; we, free mantle-edge ; pm, pallial 
muscles; rp, renal papilla; r^, respiratory orifice leading into pallial 
chamber; lifc, ventral pift of kidney ; afnhr.v, efferent branohial vein; ar*v, 
anterior renal vein; af.pmlv, afferent pulmonary vriin. 

at*. Body-oavity opened by cutting through the floor of the pallial chamber, show- 
ily intebal offpoB insHu,; x 2. a, anus; fen, buccal mass; hio, body- 
wall pmned atide; cd» common doot; dg, digestive gland; kg, hermaphro- 
dfte intestine; oa, oesophagus; pmns; pn>, prostate; r, 

lUotiun; Ip, salivary gland ; < stomach; sift, spermotheoa ; sthd, Bvwmo- 
timeadpet. 
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Art. LIL — Two New Fossil Mollusca. 

By Henry Suter. 

[Bead hefote ihf Oiayo Institute, 4th October, 1910,] 

Plates XXX, XXXI. 

1. A New Fossil Turritella. 

Turritella semiconcava n. sp. Plate XXX. 

Shell lari*e, high and narrow, many-whorled, with 8 to 10 cinguli on 
the lower, slightly concave whorls, and a deep suture towards the base. 
FcuVpture * The first few post -nuclear whorls have 4 equidistant spiral cords, 
the third muc h strongei* than the others (fig. 16) ; the following whorls 
have 5 subequidistaut cinguli ; gradually the number of cords increases on 
the whorls, the body-whorl ol an adult specimen having usually 10 cords ; 

the same sculpture is continued 
upon the base. S'pire high, nar- 
rowly conic. Pfoioconch not seen. 
Whorls about 18 to 20 on a full- 
grown specimen, slowly and regu- 
larly increasing, flat on the upper 
whorls, lightly concave further 
down ; the body-whorl narrowly 
rounded towards the flattish base. 
Suture on the upper part of the 
shell not much impressed, but gra- 
dually getting deeper approac&ig 
the base. A'perture subquadrate. 
Outer lip with a moderate broadly 
rounded sinus. 

An adult specimen would have 
a diameter of 18-19 mm., and a 
height of about 95 mm ; angle of 
spire, 11®. 

hoc, — MitcheH’s Point, Kai- 
tangata Beach, Otago (Professor J. 
Park). 

Professor James Park most kindly 
sent me specimens of this new Tur- 
Figs. 1, 1«. Tiirntclhi scmironcavcu riteUct for description, accompanied 
Fig. 16. Poat-niK Icar whorL following remarks: It 

occurs in thousands in thin cal- 
careous tabular and lens-shaped masses in a greenish sandstone. Its asso- 
ciates are Conchothjra pautsitica, Chenopus sp., Bclemnites Undsayi, and 
many other forms. The Upper Kaitangata coal-bearing series are assigned 
to Upper Cretaceous.” 

Type in my collection. 

J^mrK — In sculpture this species is nearest to T. cavershamemis Harris 
gigantea Hutton), and in the concavity of the lower whorls it approaches 
T\concam Hutton, but it is decidedly dikinct from both. 

The photo reproduced on the plate was taken by Mr. A. G. Macdonald, 
and kindly sent to me by Professor Park. 
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2. A New Fossil Mactra. 

Mactra chrydaea n. bp. Plate XXXI. 

tiheU small, ovato-trijjoiial, somewliat intiated, uot i>aping, vvitii rather 
coarse concentric sculpture, e({uivalve, somervliat incc(UilatoraJ, llie aiiteuor 
end a little shoiter. Beaks slit*iitly anterior, close toilet her, piobo^yrate, 
incuived, pointed. Anteiio) end convex, the dorsal margin ligiitly rounded, 
oblique. PosCerior end subtruncated, very little ar(*hed, the dorsal maigin 
convex and rather rapidly descending. Basal marqin lightly convex, 
forming an obtuse angle with the posterior margin. Paste) \ot a)ea but ill 
defined, an obtuse keel descending from the beak to the postero-ventral 
angle. Umlfture consisting of well-marked concentric ridges, usually with 
deep sulci towards the base ; under a lens rather distant radiate strim can 
be seen, which are more distinct on the median part of the valves. 

None of my specimens shoves the hvtoio) of the valves, and the matrix 
is too hard to be removed without breaking the valves. 

Length, 23 mm. ; height, 19 mm. ; diameter, 15 mm. (specimen figured). 
Length, 28 mm. ; height, 22 mm. ; diametci, 19 mm. (larger shell). 

Tyj^e in my collection. 

Zoc. — It occurs in great abundance in the upper horizon of the Lower 
Pliocene blue sandy clays on the North Island Trmk Line, between Mataroa 
and Tmanga-a-rere (J. Park). 

Rc^narks , — This species is quite distinct from all the Recent and fossil 
New' Zealand species of the genus. I wish to thank Professor J. Park for 
the specimens and the opportxmity of describing thorn. The photo was 
most kindly provided by Mr. A. Hamilton, Director of the Dominion 
Musemv. 


Art. LIII . — Maori Rock-engravings in the Kaipara District. 

By R. Budblb. 

[Bead before the Auckland Jnsfiiute^ $2nd Novetnber^ 1910,] 

Plate XXXn. 

It is with no httle diflidence that, upon the suggestion of Mr. Choesomaiu 
of the Auckland Museum, I venture to submit to the Institute tliis short 
account of some rock-carvings which I accidentally discovered on an ancient 
pa near the small settlement of Haranui, in the Parkhuist district, Kaipara. 

The pa is wdthin a mile of the famous old pa of Otakaniui, It is a fine 
one, situated on a ridge, with the mud-flats of the harboiur on one side 
and a swamp on the other. The whole ridge shows (as is so often the case) 
evidences of excavations, ditches, &c., while the main part, which is raised 
above the general level, is cut* off by a deep ditch, and has an outwork at 
one comer which commands the most accessible flanks. 

On the main terraces are several rectangular excavations which indicate 
that they were the sites of wharepun% or warm houses.” It is on the side 
of one of these excavations that the designs are engraved in the soft sajid- 
stone. As there is a small modem cemetery just above, I was at first in- 
clined to believe that they were of modem origin — ^that they were perhaps 
the work of some Maoris who had come there for the purpose of digging a 

r tve; but, as the Natives whom I questioned pointed out, men engaged 
such work were not likely to linger in the vicinity of a cemetery to waste 
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t-lieii* time in suck mahi noa iho. And upon examining tke weathered sur- 
tace and comparing it with that of the ditch, which still sho\\ed perfectly 
clearly the goiige-like impressions oi the wooden ho with which it had been 
dug, I was convinced that the cartings were as old as the pa. Moreover, 
the cemetery is not more than ten or fifteen years old, and the condition 
of the engravings shows them to be very much" older ; and if they had been 
done in modern times there would ceriainly be tiaces of pakeha ideas — 
letters, or something of that sort. Furthermore, on the side of another 
bimilar excavation there was visible a trace of the same de\ices, and npuji 
scraping av ay a considerable quantity of mould which had fallen in I found 
another scries of very similar engravings. These, ouing to the discoloration 
ot the surface, I was unable to photograph. 

The Natives of the neighbouring settlement of Haranui were able to 
furnish me with little infoimation on the subject. They told me that the 
name of the pa was Oparuparu; that it belonged (as did all the old pas in 
this district) to the AVaiohua or Ngaiwi Tribe ; that it was taken by Ngati- 
whatua, from the north, about the same time as Otakanini, but, while the 
latter was occupied by the conquerors, Oparuparu was destroyed. 

The supposition that they are archaic inscriptions, such as have been 
BO much talked of of late, may thus at once be dismissed. They are ob- 
viously and typically Maori, and their age cannot bo more than one hundred 
to one hundred and fifty years. 

As to their significance — if they have any — it is a mere matter of specu- 
lation. AVe read that the ancient Egyptians placed in the tombs of their 
dead the various articles supposed to be needed by the deceased in their 
after-Hfe. At a later date they ceased to place there the actual articles, 
but instead painted or carved representations of them on the walls. This 
symbolism clearly was the fiist germ of the idea of a written language, and 
led naturally to the chrouicling in pictui e-writing of the deeds of the de- 
ceased, The carvings and paintings which adorn the walls of the Maori 
tmmiya, or council-house, representing aiicestors and their deeds, may 
perhaps be considered in the same light. The carvings in question are in 
an exactly siraihu* position — namely, on the walls of a dwellingliouse. The 
t»nly thing in the nature of a scheme w^hich is visible in these carving is 
the recurrence of the same device — namely, the conventional Maori mce, 
wliich is the most prominent in both series. It will be noticed that these 
faces are of various sizes and proportions, and that some of them are 
ciiriously distorted. The only other symbols pertaining to man or human 
action are the two hands — if such they be — on the right side of the picture. 
Then several piu’ely decorative designs are inteispeised here aiad there, 
while the linear designs on the left are more like Moiiori tree-caiviugs than 
anything else, but they are too much weathered to make anything of them. 

This absence of any scheme or order is against their representing any 
events, for this implies a connection of ideas, and these ideas would naturally 
be set down in succession as they occurred to the worker. This want of 
order is also against their being purely decorative, since the Maori decora- 
tions are conspicuous for order and symmetry. Lastly, the fact that there 
are two series seems to indicate that they are not merely a mahi noa iho, or 
work of no account, done to pass the time. 

There is only one other explanation which suggests itself to me. Mr. 
John AVebster, of Hokianga, has described to me a ceremony witnessed 
by him, in whicli a tohunga^ in consulting the oracle, drew unintelligible 
designs upon a piece of sandstone. This seems to me to afford a possible 

aV—.I. --i - -- . - - - . 
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Art. LIV.— liennmscences of Maori Life Fifty Years aqo. 

By B. H. Mattjcevv'S. 

\RfC((i h(fon the AuiUund luhtitute, 22nd November, 1910.] 

1. SllARK-FlSUlNd. 

For the last twenty-five years the Maoris have lost all interest in the old- 
time institution of shark-fishing. Most of the kaumatuas (or ciders) hav(‘ 
passed away, and many of the traditional customs have gone with them. 
The younger generation devote their attention more to gum-digging and 
other pursuits, and appear to prefer tinned mullet and salmon to ovil- 
smclling shark as a kinaki (relish). 

Fifty years ago shark-fishing was considered and looked forward to as 
a national holiday by the Earawas and all the surrounding hapus. The 
traditional customs and regulations were most strictly observed and rigidly 
enforced. The season for fishing the kapeta (dogfish) was restricted to two 
days only in each year. The first time was about full moon in January, 
and by preference during the night named in the Maori lunar calendar 
rakaunui, or two evenings after the full moon. This fishing was always 
by night. The second time of fishing, called the pakoki, was two weeks 
later, just after new moon (whawha-ata)^ and was always held in daylight. 
This closed the season for the year. Any one who killed a shark after this 
would be liable to the custom of muru, and would be stripped of his pro- 
perty. No one was permitted to commence fishing before the signal to start 
was given ; a violation of this mle would lead to the splitting-up of the 
canoes of the offenders. So far as I can ascertain, the two days’ restriction 
was a local custom, obtaining more particularly in Eangaunu Harbour, 
which was the great shark-fishing centre of the north, and it specially ap- 
plied to the kapeta, or dogfish. Large sharks might be taken at any time 
in the open sea, but they were not to be killed inside the harbour for fear 
of frightening away the kapeta : Kei oho te kapela.^^ 

At the time I am speaking of, the niarha, or authority, over the kopua 
(the deep) was solely exercised by Popata te Waha, who had inherited 
it from Ms ancestors. It was he who issued the panui, or notice, of the date 
of the ynaunga (or catching), and who fired the signal-gun from his head- 
quarters at Okuraiti to notify the camps at Te UnaM and Pukewhau that 
sharks would be caught that night. Popata te Waha’s mana over tlie 
kopua was acknowledged by all the surrounding tribes within a line extend- 
ing from Taemaio (on the coast between Berghan’s Head and Whangaroa) 
to Kohumaru, to Victoria Valley, Herekino, AMpara, Parengarenga, and 
Kangiwahia, and all the numerous kaingas, or settlements, witkm tMs 
boundarj’'. Maoris from all these places were represented at the greai/ 
mawnga. There would probably be a muster of not less than fifty canoes, 
each with an average crew of about twenty. This would make a total 
of at least a thousand, beside many that remained in camp cooking and 
drying pipL 

About a week before full moon in January, 1855, I received an invita- 
tion from one of the principal cMefs of Pukewhau to go shark-fishing with 
him. I gladly accepted this invitation, as I had heard a good deal about 
the curious customs attending the fishing, and wished to see the sport. 
He told me that I was to be one of his kaiwhangad (feeders). Later on I 
found that most of the wives accompanied their husbands as haiwhangai, 
thus doubling the number of each man’s catch. 



MATTirEA\>. — 'Rewini\cences of 2laori Life Fifty Years ago. .599 


For loany days priot* to the fishing cio^vds of Natives were to be seen 
going to Te Unahi on the Awaniii Eiver, Okuraiti, and Pukewhau, the 
tJneo principal rivers flowing into Bangaimu Haiboui*. All were bent on 
having a good holiday, and on getting plenty of UnaTci (relish) — fiyi and 
lish; also looking forwaid lo a plentilul supply of dried mamjo (shark) foi 
kiiiali during tlio winter. 

W(* arrived at Pukowhau aliout noon, a ride of over ten miles dcio&s 
toiiutry. Alter a lieait-y snack E took a stroll through the village, which 
was humming like a swaini of bees, everybody being busily engaged in 
preparations for the maunqa. Some ot the old "dames were scraping muhn 
(dax-flbre), others were making it into twine by rolling the fibre on the calf 
of the leg mth the palm of the hand. Some of the twine would be used 
for seizing the hooks ; some for palcailm, in lengths of abont 3 ft., for tying 
on the bait. Altogether the Jcauiga presented a busy and animated scene, 
full of life and good-humoured fun. 

All along the iauranga (landing-place) were canoes of all sizes, from the 
large waLalaua (war-canoe) to the small tiivai, Several of the wnkataua 
wore surrounded by a busy crowd of workmen : some were lashing on the 
bow-piece with its ornamental panel and figurehead, called a pitaii ; otherb 
weic fastening on the tall elaborately carved rapa (stem-post) ; while others 
again were fitting and lashing the rauoa (top strake). This plank is called 
oa when free, but rauoa when fastened in position. Carefully selected leaves 
of ravpo (Typha) were placed over the joints inside and outside, and were 
clamped firmly together by means of the pohai, or battens, which were then 
securely lashed by cords of three-plait fiax-fibre. All holes were filled or 
caulked with Mine (down from the seed of Typha). The tauare, or thwarts, 
were placed in position, and carefully lashed. A separate gang of workers 
was employed in making the raho, a movable platform on which the sharks 
are killed. This was fitted in sections under and between the thwarts, 
extending from stem to stern, and forming a kind of deck, under which 
there is room for stowing the sharks which may be caught. Standing apart 
from the rest was a paiiiicularly fine specimen of a war-canoe, named Kai- 
pititi,” newly painted with koloivai (red ochre), and adorned with a beauti- 
lully carved figurehead and stem-post. The outside battens were dressed 
Irom end to end with the white feathers of the toroa and karake (albatros 
and gannet). While their ciders were at w'^ork on the canoes the young 
people usually amused themselves wdth various games, such as wi*estliug, 
playing draughts on an extemporized board of flax-leaves plaited iu squares 
on which shells and slices of potato were used for pieces, or, it might be, 
spimiing loud humming-tops carved from the hard resinous core of the 
hahihatea tree (kapara) from which the sap had rotted away, or else some 
sport that happened to he fashionable at the time. 

During the evening I strolled to a large whare where the kaumatuas 
and principal visitors were assembled. They were for the most part engaged 
in resnooding their hooks, and in discussing the merits of shape and bend. 
The shape of a hook was considered a very essential matter. Maoris in 
those days preferred their own make, short in the shank, never exceeding 
the breadth of three fingers, the standard measure. I handed over my hook 
to an old fellow, and asked him to overhaul it. It was given to me by the 
Aupouxi chief Paraone, who was an acknowledged expert. I was told that 
it was not necessary to resnood it, as houaJia had been used on the seizing. 
Kouaha, I should say, is a poisonous gum which exudes from the bark of the 
puhapuha {BrachygloUis repanda), especially when the tree grows in a littoral 
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situation. It Avas formerly collected by tlie Maoris and preserved in ])aua 
bhells. It vas rubbed over tbe seizing of tbe hooks, which it not only 
preseiwed, but also prevented the shank of the hook from rusting. For 
snooding a shaik-hook a four-plait is used, made of the fibre of the hm- 
M-u'hitu, or bronzed-leaved Fho^'miam. The cord is about | in. in diainet<M* 
and about 2 ft. 8 in. in length, and is tightly hound round with twine, except 
6 in. at each end. It is then bent in the middle, thus forming a loop ; the 
two loose ends are placed evenly round the shank, and firmly seized, leaving 
about Sin. of the loose ends beyond, which are afterwards doubled back 
over the seizing, and tightly bound round with twine to protect the inner 
seizing from being cut by the teeth of the sharks. The seizing is continued 
along the rest of the loop, to make it as rigid as possible, for it is by this 
that the shark is securely held vrhilst being Idlled. Another plaited cord, 
about 2 ft. in length, but not seized, is made with a loop worked on each 
end. One end is slipped over the loop that carries the hook ; the other is 
made fast to the fishing-line itself. 

Next day several canoes, with nets, were sent down the river to catch 
mullet for bait, and also as food for the TcmngaJ^ A visitor from Popata’s 
camp airived with the welcome news that the fishing was to be the next 
day, if our camp were well furnished with bait. (It was the custom to 
postpone the fishing until all the camps weie well supplied). About mid- 
day the canoes returned with a big haul of mullet, which was at once seiwed 
out. The fish weie quickly cleaned, split into halves, the backbone taken 
out, and, if a large fish, cut into four parts. By this time the canoes had 
had a final overhauling, and were pronounced ready for sea. The large 
smooth oval stones used as anchors were noAv sorted out, netted over, 
and each supplied with 10 or 12 fathoms of rope. Others of the Maoris 
were employed in making short wooden clubs, called tinw^ with which the 
sharks are MUed. The jawbone of a horse or an ox makes a most effective 
thno, and later on I saw several of these used on our canoe. 

The report of the signal-gun fired at Okuxaiti at once caused a commotion 
in the camp, followed by a shout of Tarahuna luja hangi ” (Light the oven- 
fires). The canoes were quickly launched, hooks and lines and bait put into 
paros and poihewm (small quickly made baskets) and stowed by each, thw'art, 
with the timo placed alongside. Soon after smiset the order was given to 
go on board, and off we started to the refrain of “ Huka ka huka ” (this 
is a light and rather quick stroke of the paddle, intended more to chium the 
water into foam rather than to gain speed). The canoes paddled along 
lefeurely, reserving their strength for the great race and struggle later on. 
'When we an;jved at the rendezvous at Te Ureroa (roughly, ab^out half-way 
to the Heads) we found the kaupapa (fleet) in position, facing the Puke- 
whau Eiver, TTe took up our station, and kept it, as all the rest did, by 
aid of a toko, or long pole stuck in the mud, the stem of the canoe resting 
against a mangrove-tree. Here we waited for high water, the Natives 
in the meantime indulging in loud talking and laughter. The Maoris be- 
lieved that the strong spring tides swept immense numbers of sharks into 
the harbour and far up the rivers and creeks, and that when the tide ebbed 
the Tetuming sharks were intercepted by the fleet. 

As the time of high water approach^, the talking ceased, and there was 
a dead silence through the fieet. Presently our chief whispered, Km 


* Papua is tho term used when a net is htretched aerobb a creek or inlet just before 
high water, so that the fish are caught as they rotum with the ebb. When a net is simply 
hauled, it is called hao 
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u'hati to mafa o ie tai'''' (The tide Las turned). Almost immediately aft.^r 
Popata stood up in his canoe and shouted out in a stentorian voice. Hun- 
kina (Charge). Then followed a most exciting race for the fishing -ground 
and tlie mataika (first fish). All thiough the fleet the Maoris were shouting 
Iloea, tiaia, foia, pehut, ana humear Eoughly tianskted, these words are 
liova (pull), tiaia (stick it in), tom (drag it along), pchia (press it down), 
himca (haul it along). The last two mark deep, strong strokes of the paddle. 
The word is intended to make the stroke more strenuous ; thus at the 
words ana toia, am peJiia, ana lumea, &c., every ounce must bo put into the 
stroke. It was a brilliant moonlight night, and the whole fleet could be 
]ilamly seen paddling furiously for the channel. The shouting, vellina, 
and cheeiing, together with the noises that only the old-time Maoris could 
make, were indesciibable. 

As soon as the channel was reached anchors were let go, ngeris and 
kolas (waterproof cloaks made out of the prepared leaves of the ti {Coidg- 
line) were quickly tied round the waist, others were thi*ovTi over the 
shoulders, and then the ready -baited hooks were thiown overboard. Al- 
most immediately, “ Kohi kohm ” (Haul in) was shouted from a canoe close 
to us, followed by a loud bplashiug and cries of Mataika ” (First fish). 
Then came the blows of the timo clubbing the snout, which is the vulnerable 
part of a shark. Presently one of our crew called ''Kohi kohiad^ for it was 
the invariable custom when any one hooked a shark to give warning, so 
that those sitting near could haul in or shorten their lines, and so save them 
fi'om being bitten off or entangled. Eventually my turn came to give 
warning. I pulled the shark up to the gimwale, my fiieiid then took charge 
and lauded it on board by the old-time method known as ivhakaepa. The 
stifi looped cord is held about 4 in. above the shanlc of the hook with the 
left hand, whilst the right steadies and guides the shark as it is hauled in- 
])oard. At the critical moment it is promptly sat upon, and several smart 
blows with the timo close to the end of the snout soon quieten it. A comer 
of the raho is then lifted up, and the shark is passed to the bottom of the 
canoe. AVithin five minutes fi‘om the time of anchoring, and for the space 
of at least three hours, the soimd of the timo could be heard incessantly 
all aroiuid ns, accentuated by shouting and loud splashings. The scene was 
faimply indescribable. All this time the fleet wus gi*adually working down 
towards the mouth of the harbom*, and sunrise found us anchored near the 
Heads. As the tide flowed we pulled up-river, and filled up at Te Mutu, 
a celebrated sharking-ground. The rahos were thro\m overboard to make 
more room, and other preparations made for our return. 

By half-tide the fleet, consisting of filty canoes and two boats, were 
working up the harbour to the respective camps, apparently all deeply 
loaded. Any canoe had the right to continue work until high water, when 
the fishing closed till the pakoki^ two weeks later. When a tiger-shark 
was hooked, or a large toiJci (a much larger species than the dogfish), the 
lilies and anchor were quickly hauled in, and the canoe paddled to the 
nearest sandbank. Sometimes the shark itself would tow the canoe into 
shallow water, and roll about in the endeavour to rid itself of the hook. 
It was quickly killed by spearing and by blows on the nose. 

We landed at our camp before high water, and. now that the excitement 
was over, I felt stiff and tired, hut was all right after a wash and a change 
into dry clothes. On returning to the river-side to see what was going on, 
1 found that the sharks were all landed and laid out in separate heaps. I 
noticed that many of them had notches cut out of the fins and tails. This 
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\M\s done to enable individual owneis to identify tboir lisli. The catch in 
our canoe totalled ISO. (On rcfeiTing to my diary, I find that on the 27tli 
January, 1875, no less than 265, or about 6 tons in weight, were caught 
on one laige canoe). The cleaning oL the sharks had now commenced. The 
pane (heads) were hist removed ; then a strip was cut following the cuiw(^ 
of the b(‘lly. This strip, called the whamro, was considered a great delicacy. 
The bodies were hung by the tails to a tnrawa (a tall scaffolding), or thrown 
across a top rail, belly side up. There they remained mitil thoroughly 
diied by the sim and wind. The heads and tapiki (entrails) were generally 
left on the scene of operations. In a day or two the stench would be in- 
tolerable. The livers were thrown into a large funnel, made of green flax- 
leaves vdth a lining of soft fern-leaves, and suspended in a rough frame- 
work of tea-tiee. Large stones were then lieated and placed on them, and 
the oil was caught in calabashes. 8m*plus livers were put into the stomachs 
of the sharlvs, and hung up in the sun luitil the oil exuded from them. The 
total number of sharks caught by the fleet, including those taken at the 
pakoki held a fortnight later, was about seven thousand, an average of about 
sixty-five per canoe for each of the two trips. 

The kapeta, or dogfish, is well known to be viviparous. During the 
month of December and up to the middle of January the ova are generally 
perfect, the embryo very rarely to be seen. Towards the end of January 
the embryo is plainly visible, and by the end of February it is perfectly 
developed, although in many instances still attached to the remains of the 
o\mm. At that stage they are about 4 in. long, but increase rapidly in size. 
Mr. C. Puckey informs me that on one occasion while fishing in Houliora 
Harbour towards the end of March he caught a toiki 10 ft. long. On open- 
ing it he found seventeen vomig sharks, each 18 in. long, w'hich swam briskly 
away w-hen put in the water. When fishing at Rangaunu Heads on the 2nd 
April one of my crew’ caught a dogfish, and on ripping it open eight or ten 
fully developed sharks 8 in. long dropped into the water and svram aw’av. 
Captain Wilson informs me that w'hen fishing for hapuku off the Watchman 
in Octobei* a great umnber of sharks tvere caught, and on cutting one (»pen 
for bait no less than forty-one perfectly developed sharks w’^ere found iu 
it, each about 7 in. in length. On the 11th November Captain Wilson 
took a fishing-party to the Noith Capts when many sharks w^ero caught. 
One that -was cut open had a number of young sharks about 6 in. in lengtli, 
I think it is probable that sharks carrying fully develoi)ed young keep in 
blue water, and rarely, if ever, go into the harbours or estuaries. I am 
incliued to believe that sharks breed more than once a year. 

A few general notes on the subject of sharks may prove to be of interest. 
The dried sharks were stacked in food-houses, or whatas, just like so mucli 
firewood. Narrow strips were cut and cooked on hot stones, and beaten 
Avith a paoi (pestle for pounding fern-root) to soften the flesh. Sometimes 
the cooking was done in a hangi, or steam-oven. In this case the flesh 
was cut in chunks, and not pounded. 

Shark-oil was used in a variety of ways and for a number of purposes. 
It was mixed writh kokoicai (red ochre) for painting wax-canoes, urupas, 
and the ornamental portions of the principal houses, as well as the carved 
work about the pas. The urupa was a graveyard, or, more correctly, 
a carved monument, usually standing on two posts, erected in memory 
of some great chief. They were usually beautifully carved, aud very tapu. 
The oil was also used to anoint the bones of their deceased friends after 
the ceremonial scraping, or hahunga. In this case it was often mixed with a 
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small quantity of I'oLoivai, just enough to give the bones a light tint. As a cos- 
metic for the body and haii‘, the oil was used either with or without an admixture 
of kol'owai, and it was often scented with Icopwu moss, with raukawa (Panax^ 
EdgcrJeyi)i manakura {Melicylus jk ton}} thus) ^ or some other scented shrub. 

The koinqa shark was closely preserved at Ahipara. This is a small 
species, rarely excoedino 3 ft. in length. Its flesh was considered more 
delicate and better eating than that of the kapeta. The liver produced a 
finer oil, not nearly so rank, and was held in high esteem for anointing pur- 
poses. This species has two dorsal fins, and in front of each is a strong 
bony tusk, or spine, which gives it the distinctive name of loinga (a sharp 
point). The front tusk is about 2\ in. in length, and the hinder one a little 
shorter. The livers were cut into halves and put into calabashes, heated 
stones being placed on the top, to try out the oil. 

The teeth of the mako shark were greatly prized. They were called 
7V}utukao, and were \vorn suspended irom a hole bored in the lobe of the 
ear. If sold they always fetched a high price, and I saw two bullocks 
given for a pair of medium size in 1865. In the north the 7nako is usually 
caught at or near the JSTorth Cape. The canoe pulls out to the onako ground, 
when a lot of fish is thrown overboard as a poa (attraction). The mako, 
which is a tame fish, is attracted alongside by the bait, when a strong 
hanga (noose) is passed over its head below the dorsal fin and then pulled 
tight around the small of the body. It was never caught with a hook, 
for fear of injuring the teeth. Four teeth only were considered of special 
value, two in the upper and two in the lower jaw. The best-shaped teeth 
had the points bent slightly outwards, the others were bent sideways more 
or less according to their position. The mako attains a length of from 
7ft. to 10 ft. While mostly found near the North Cape, stray specimens 
are occasionally met with between Kaiigaunu Heads and Cape Karikari. 
We once captured a medium-sized fish in this locality, and lost another 
— a large one — owing to the line breaking. 

In the “Handbook of the Fishes of New Zealand,'’ 1886, by E. A. A. 
Slicrrm, the author states that the mako of the Maoris is considered to be 
identical with the Lnmna glauca, or tiger-shark. But the tiger-shark known 
in the north as such is an entirely different fish : it is a good deal larger, 
growing from 10 ft. to 12 ft., and bigger round the body ; it is also much 
more powerful and more difficult to handle ; the teeth also are different, 
being very large and of a triangular shape, like those of a crosscut saw, 
instead of the slender curved form of those of the mako. 

In the same work, referring to the dogfish, the statement occurs that 
“ the ground-shark (dogfish) deposits eggs, usually two at a time, enclosed 
in homy oases several inches long, not unlike those of the skate,” This 
is evidently a different fish, as our dogfish, or kapeta, is well known to be 
viviparous. 

2. PlGEOX-SXAEIXO. 

The bush-pigeon (Carpophaga novae-zealandiae), known in the north 
by the Maori name kukupa, is fast becoming scarce. It has always been 
held in the highest estimation by the Maoris on account of the peculiarly 
dehcate flavour of the flesh. As iate as the “ fifties ” the kukupa was found 
in countless numbers — all the forests were swarming with them. At that 
time the Maoris could only get 1 lb. of gunpowder per man during a year. 
They were very chary of using this, and made it spin out by using very 
reduced charges, whilst the old people, including many that I knew well, 
still used the spear, to which I shall refer later on. Since that time, owing 
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to the lemoval of tlio iistriction on the sale of powder (in 1857) and to the 
increased inimlier of white settlers, and perhaps also to the spread of diseases 
hioiiglit by introduced birds, the hdapa, once so phnitiful, is now every 
season becoming more diflicult to find. Before Ihe introduction of «uns, 
and for many years alter owing to the restriction referred to above, the 
chief methods ol taking the Inknpa were bv the spear and noose. 

The spear named xnrhi was of great length, the best being made of 
lapara, the gum-])resorved eore found in some deeay('d kahikaiett and )nint 
trees alter the sap-wood had rotted awav. An old Maori once descrihed 
to me the method of mailing them. Very great Ctare was taken to select 
a piece of kapma so stmght in the grain that when struck at on<' end with 
a ioki (stone axe) and a wedge driven in it would split open from end to end. 
The long pieces thus obtained were roughly trimmed and taken to the kaim/a, 
where, by weeks and weeks of patient chipping and scraping they were 
made round and smooth When completed they were about 25 ft. in length 
by 11 in. in diameter. A piece of the hard black substance found in an old 
dry ponga (tree-fem), about 10 in. long, J in. wide, and I in. thick, was 
smoothed, sharpened to a point, with one or more barbs worked on it, and 
then noutly bound to the end of the shaft. If accidentally broken, it was 
quickly and easily replaced. Sometimes the spears were made of manuka, 
in shorter lengths, two of which, from 12 ft. to 15 ft. in length, were bound 
together, one end being pointed and barbed. Occasionally the spear-points 
were made out of the bone of the sperm-whale. 

Now for the mode of*huntina the kiikupa and using tlie spears. One 
or more trees of the mho {Podocarpm icrragincus), loaded with fiuib, «ind 
regularly visited by the birds, were selected. Several long poles were jdaced 
against the tree, or an adjacent one by preference, to serve as a ladder, 
up which the hunter could easily and quickly climb. If requhed, a cover 
was fixed in the tree to conceal the Maori from the birds. All being ready, 
he climbed up, got under his cover, and waited patiently. Presently a 
flock of, say, twenty pigeons would settle in the mho. Amongst the flock 
there is always a quarrelsome cock bird, generally in poor condition, called 
a tu-le, continually disturbing the others {tu-te is literally a person who 
nudges another with the elbow). The iu-te is always the first bird speared, 
so that the other birds may feed undisturbed. The spear is rested on 
a branch exactly in line with the birds, and is pushed up very gently until 
the point is within 18 in. of a bird. It is then suddenly thrust up, so that 
the bird is transfixed. The spear is then (|uickly lowered, and tlie bird 
killed and popped to the ground. The man goes on quietly working, and 
in a short time bags the greater part of the flock. 

When pigeons are noosed, the method usually followed is as under ; 
The top branches of trees frequented by the birds are lopped or broken ofi, 
and straight rods of manitka tied across in several directions. To these the 
nooses were fastened. Great numbers of pigeons were caught in this manner. 
Nooses were also placed on the margin of a forest-creek where pigeons were 
in the habit of drinking. Sometime a kumete (trough), hollowed out of a 
log 6 ft. to 8 ft. long, and filled with water, was put in a suitable place, and 
nooses tied over and around it. 

Another method was adopted for taking small birds. A long stick, called 
pae, was tied in a slanting position about 4 ft. above the ground ; shelter 
or concealment was provided near it, behind which a man stood armed 
with a long straight manuka stick called vcJiiu (literally a whip). With a 
leaf in his mouth, usually the leaf of the turutu {Dianella intermedia), he 
would make a ‘‘ peeping ” sound trembling the call of young birds. Fan- 
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tails, bell-birds, and other small species would bo attracted by the noise, 
and settle on the pae, A rapid stroke of the whiu, sweeping from end to 
end of the pne, would dislodae and kill these birds. An old man once 
told me that in his younger days he had often taken a Idtful of korimnhos 
in this way in a single day. The par was also employed for taking the Jcal'a 
parrot. Here a tame bird was oKon used as a decoy; when that was not 
available the cry of the bird was vtuy c level ly imitated. 

One occasion, many years ago, I travelled in company 'with Mr. Puckey 
to Manga muka by the old Maori track crossing the western shoulder of 
Maungataniwha. When we arriyed at the bottom of Whatatawha, and when 
we were passing along the low foothills, we met a party of Maoris who had 
been spearing pigeons. Each man had a goodly number of birds slung 
round him, wrapped up in niJcait leaves. There was not a gun amongst 
them. Wc passed through the rich valley of Hunuhumia, and arrived at 
Pongaheka, a kainga, or village, at the boat-landing on the Mangamuka 
Kiver. On approaching the river wc saw a line stretched tightly along 
the edge of the water, which was covered fi‘om end to end with an immense 
number of nooses. On inquiry we were told that it was a ta-iki for catching 
pigeons. The birds, it was said, were always very thirsty when feeding on 
miro berries. We also noticed a taraire tree near the river which had had 
its upper branches removed and nooses so placed that a pigeon could 
hardly settle on it 'without being caught. 

Thus with spear and noose the old-time Maori was able to keep his larder 
plentifully supplied with the delicious hikupa, 

3. Trapping op Hawks. 

For catching hawks a trap called a tara-haha was used. A straight 
manuka pole 6 ft. to 8 ft. in length, and about 2 in. in 
diameter, with two strong opposite branches at the top, 
making a kind of fork, was selected. The lower end 
was sharpened, for convenience in sticking it in the 
ground. The prongs or forks were cut oS. at the top, 
leaving them about 18 in. long, and were neatly 
smoothed and rounded, with a transverse notch cut 
across the top. A piece of straight stick about 9 in. 
long was fastened across the prongs about a third of 
the distance from the base of the prongs for the purpose 
of spreading the prongs, and the bait was tied to this 
cross-piece. A noose was then placed resting on the 
notches on the top of the prongs, the lower end of the 
noose hanging just above the bait. The end of the 
cord above 'the noose was fastened a li'ttle distance 
below the fork. The accompanying sketch of a tarn- 
haha ready for use will give a better idea of the con- 
struction of the trap than any description. All being 
ready, the tarorhaha was firmly stuck in the ground 
with the opening between the prongs facing the wind, 
the bait tied to the cross-piece, and the noose placed 
in position on the wind side of the bait. (A hawk 
always swoops down on his prey head to the wind, and 
flies ofi in the same manner — ^head to 'wind.) In flying 
away the hawk is caught by the noose, generally by 
both wings, which are consequently held close to the 
body, thus lessening the risk of breaking the noose- 
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Am\ LV . — The Verfte-vnit. 

By Johannes (\ Andersen. 

[Bead before the Philosophical lihstitnlc of (Junfcrhiiri/, ‘2nd Kovemha^ 


Part L— -Lyric Measures. 

Section J. 

1. Next to the stress-unit, the smallest uniform aggregation of parts is the 
verse. This normally contains eight stresses, or their temporal equivalents, 
and is usually divided, when printed, into two equal parts. Each part of a 
verse so divided is commonly known as a Une. 


2. From a casual examination of poetry, the length oi the line — ^that is, 
the number of its stress-units — would appear to be quite arbitrary. It 
would appear that it rested with the poet himself to decide whether a line 
should contain one stress-unit or eight. Wliilst the line thus appears to 
be, and really is, under his control, it is otherwise with the verses The 
length of the verse is determined by a natural law, and Ihc poet has not yet 
liv^ who has broken this law with impunity. The length of a line may 
range from one duple stress-unit, as in Herrick’s 

(1.) Thus T 
Passe 
And die : 

As one 
Unknown, 

And gone : 

to eight triple stress-ruiits, as in Tennyson’s — 

(2.) Fame blowing out from her golden trumpet a jubilant challenge to 
Time and to Pate ; 

Slander, her shadow, sowing the nettle on all tht‘ laurell’d graves 
of the Great. 

Vastnoss,'* stan/a 11.) 


It will not be denied that the poet is at perfect liberty to print the verse 
as he pleases ; so that Coleridge’s verse will by one poet be printed as two 
lines — 

(3.) The fair breeze blew, the whik» foam flew, 

The furrow followed free ; 

(“Audpiit iinriaer,” part H.) 

— ^whilst bv another it will be printed as three — 


(3«.) The fair breezo blew, 
Tlie while foam dew. 
The furrow followed free ; 


And what Browning prints as two lines — 


(4.) How sad and bad and mad it was — 
But then, how it was sweet ! 


— ^Herrick might print as five, — 


(‘* Confessions*' last stanza.) 


(4^.) How sad 

And bad 
And mad 
It was — 

But then, how it was sweet ! 

So far, then, as printing is concerned, the poet has absolute Hbexty to do as 
he pleases, or as the printer pleases. 



Andersen. — Tlit Verse-unit, 


607 


3. It is to be observed, however, that the line had assumed definiteness, 
and maintained that definiteness, whatever it was, before the poet could 
have any thought of printing at all ; at the time, in fact, when the poems 
were recited or sung. So absolute was this definiteness that on the intro- 
duction of printing it required no ingenuity, no labour, on the part of the 
printer to set down the poems in a way that has not to this day changed 
in any essential particular. In many instances where he had manuscript 
before him he would no doubt be guided by the scribe, who, if the lines were 
run on, would show the divisions and subdivisions by periods and colons, 
or by some other equivalent device. 

4. At the time of the mingling of the Saxon and Norman races the form 
of English poetry underwent a great change, passing from the alliterative 
stave of the skald to the metrical verse of the minstrel. That such change 
did not take place without the struggle attendant on all changes is well 
shown in the Vision of Piers Plowman,” a poem which is a connecting- 
link between the two forms. The type of the new form is seen in the 
“ Metrical Romances,” which were built up of verses of eight stresses, not 
yet divided into stanzas. M. Leon Gautier thinks that these verses, 
divided into four-stressed lines, were derived from a Latin form, the 
" iambic dimeter ” ; — 

Porti st‘quemur peotore.* 

The tracing of the absolute origin of these lines must be accomplished before 
the final word can be written, but it need not concern us here, seeing that 
the English form was not derived from the Latin, but from the already 
evolved Erench type. It was in this French eight-stressed verse that a 
notable developmental change took place when the metre became accli- 
matized in England. 

5. Professor Saintsbury has notedf that the verse of the “ Metrical 
Romances ” showed a constant tendency to drop a unit ; and this tendency 
has resulted in the metre becoming seven-stressed, the seventh stress being 
followed by a pause. The new metre, once evolved, became one of the 
most popular and persistent forms in English poetry, which it still pervades, 
forming the basis of all the lyrical metres. It wiU therefore be of interest to 
see if any cause can be assigned to the fact that the new metrical form was 
a verse of eight stresses, and that the eight stresses shortened to seven 
stresses and a pause. 

6. Any regular stanza will serve as illustration ; take Bums*s — 

(5.) Ye baiJis and braes o* bonie Boon, 

How can y© bloom sae fresh and fair ? 

How can ye chant, yo little birds, 

*\Vhen I’m sae woaiy% fu* o’ care ! 

Thou’U break my heart, thou warbling bird, 

That wantons thro’ the flowering thorn ! 

Thou minds me o’ departed joj's, 

Departed never to return. 

(“^The Banks o* Dooii/’ stanaa 1.) 

These verses, being modern, are thus printed, each verse being spht into 
two lines of four stresses each. It will readily be noted, however, that 

♦ H. M. BertJion, “ Specimens of Modem French Vei>e,” p. xv of Introduction, 
t “History of English Prosody,” vol. i, p. 248, and Appen. vi, p. 406. 
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every lin(‘ is not complete iu itsell, but ihni tliey go naturally in couples; 
that every two lines arc in fact one long vers(' 

{o(t.) Ve banks and braes o' boiiio Doon, how can \o ))looiii sa(‘ iiesh and tair 1 
How can >o chant, vc httlo birds, when I'm sac weai}, in’ o' caro 1 

Every verse is now a complete sinitence, consisting ot two claubos, occupying 
a line each. It was because each line was a clause that the Romance metre 
was so easily resolved into two parts, and \v*is written in couplets. Evc'n 
in the couplet form the complete relatiou of the two lines is evident : — 

(6.) Wild as the boream ol the cm low, 

Ecom crag to crag the signal flow. 

Instant, through copse and heath, aioso 
Bonnots and speares and liendod bows ; 

On right, on loft, above, below, 

Sprung uj) at once the luiking foe ; 

Erom shingles grey their lances stait, 

Tho bracken bush sends toitli the dail, 

The rushcb and the willow- wand 
Are bristling into axo an<l biaud. 

And eveiy tuft of broom gives life 
To plaided warrior arm’d tor strife. 

(“ Tlie Lidy of the Lake/* canto v, section ix.) 

The same holds as regards all Lyric stanzas ; they are composed of integral 
parts, each integral part being a verse of eight stress-units, or their temporal 
equivalents — that is, if the verse contain only seven or six stress-units, it 
will he found to contain also one or tw'o pauses, equivalent to the miits 
dropped. Take the following examples : — 

(7.) The raging rooks. 

And fiMvering shocks, 

Shall break the locks 
Of prison-gates ; 

And Phibbus' oar 
Shall shine from far. 

And make and mar 
The foolish fates. 

(“ 3Iidbummer Night’s Dieain,” I, il.) 

(8.) Wo join tho throng 

Of the dance and the song, 

By the w’hirlwind of gladness borne along ; 

As the fi;^ing-fish leap 
From the Indian deep. 

And mix with the aea-biids, half asleep, 

C* Pionn^tlieus XJuhouud/’ I\, line s;).) 

(9.) By tho fair and brave 
I\Tio blushing unite, 
like the sun and wave 
When they meet at night ; 

By the tear that shows 
When ]>as&ion is nigh. 

As the rain-drop flows 
Prom the heat of the sky ; 

(“Lalla Rookh.*’) 

(10.) Weep, weep, weep, and w'eep, 

Por pauper, dolt, and slave ! 

Hark 1 from wasted moor and fen, 

Peveroua alley, stifling den, 

SweEs the wail of Saxon men — 

Work I or the grave \ 


(C\ ** Alton Locke'b Son«,”) 
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(11.) My Pegg> speaks sae sweelh, 

Whene'er we meet alane, 

1 wish nae mair to la^ my caro, 

1 wdsh nao mair of a* that’s rare. 

My Peggy speaks sae sweetly. 

To a’ the lave I’m oauld : 

But she gars a’ my spirits glow 
At walking of the fauld. 

(A. Buinsav, aong 1 of ‘ The Gentle fehoplierd."* 

(12.) By whom was David taught 
To aim the deadly blow, 

When ho Goliath fought, 

And laid the Gittite low 1 
No sw’ord nor spear the stripbng took, 

But chose a jiebble from the brook. 

(TT Couper, Olnoj Iv.) 

All are divided into groups ol eight-stressed verses, dropped units being 
represented by pauses : — 

(7r/.) The la/giug rooks/, and shi/vering shocks/, shall break/ the locks/ of pri/son- 
gatos/ ; 

(Ha.) We ]oin/ the throng/ of the dance/ and the rong/, b}* the whirl/wind of 
glad/ness borne/ along/ ; 

(9/r.) By the fair/ and the bravo/ who blu/shing mute/, like the sun/ and wave/ 
when the}’ meet/ at night/; 


(10m.) Weep/, weep/, weep/, and woop/, for pau/per, dolt/, and slave 1/ /. 

Hark !/ from wa/sterl moor/ and fen/, fe/verous al/ley, sti/fiing den/, 
(11m.) My Peg/gy speaks/ sac sweet/ly, /whene’er/ we meet/ alane/, / 

1 wish/ nao mair/ to lay/ my care/, I wish/ nae mair/ of a’/ that’s rare, . 
(12m,) By whom/ was Da/vid taught/ /to aim/ the dead/ly blow/, / 

TOien he/ Goli/ath fought/, /and laid/ the Git/tit’e low ?/ / 


No sword/ nor sjiear/ the stnxVling took/, but chose/ a peb/blo of / the brook/. 

This division shows the pauses that are felt instinctively in reading, and 
shows that each verse has the fufl value of eight stress-units. The relation 
of the variations, one to another, will be examined more at large in a sub- 
sequent paragraph, 

7. Eemenabering that when the full eight-stressed verse developed 
poetry was commonly sung or recited, it will be evident that great regard 
would naturally be had to facility of delivery. In speech, a sentence con- 
sists of as much thought as may be conveyed readily in one breath : the 
more broken a complete thought is in its utterance the less forcible it 
becomes ; and it follows that the most incisive thought is that which, the 
matter 6f thought being equal, can be distinctly uttered in one breath. 
The most incisive thoughts are those which appeal most deeply to the 
emotions, and a sentence will therefore be shorter or longer as it is more 
or less emotional. The earliest poetry is almost purely emotion, bare of 
all ornament of rime, alliteration, metre, or even rhythm. The first orna- 
ment was metaphor ; then came rhythmic expression. As the people emerged 
from barbarity, evolving music and dance with its poetry, a finer rhythmic 
sense developed. In the Maori language poetry may be studied in many 
stages, from unrhythmical laments and love-chants to perfectly rhythmical 
war-songs, some of which were on the verge of becoming rimed and metrical, 
when their development was rudely interrupted by civilization. It would 
appear as if the dance of motion and gesture was the force controlling the 
rhythm of poetry and music : once the rhythm was established, it developed 

20 — Trans. 
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independently of the dance. In rhythmic poetry the seiitoncos were oi 
varying lengths ; in metrical verse they tended to assume a uniform length 
— an average of the length of rhythmic or emotional sentences : in oth(‘r 
words, the average length oi a breath. 

8. This average had been established when the metre of the “ Metrical 
Eomances ” was introduced into England ; but that the evolution of the 
verse-form was still in progress is evident from the tact that the eight- 
Btressed verse showed a tendency, aheady refeired to, in the dire(*tion oi 
discarding a unit at the end of the verse. Can any reason be seen ior this 
tendency 1 During the early days of the metro in England fchc Clmrch 
vTote Lives of the Saints ” in the same popular measure as the “ Metrical 
Eomances.” This measure still pervades Church hymns, and these hymns 
have in a most important particular faithfully preserved the old meti(‘. 
On examining the Church hymns, ancient and modem, it ^vill be noted 
that they are distinguished chiefly as being in three measures ” or metres 
— L.M., long measure ; C.M., common measure ; and 8.M., short measure 
— these measm*es being respectively eight-, seven-, and six-str(‘ssed versos, 
or verses of sixteen, fourteen, and twelve syllables. If the music of the 
hymns be examined it will be fonnd that almost every verse of two lines, 
whether L.M., C.M., or 8.M. — more, that verse of even five stresses — ^is 
sung to sixteen crotchets or sixteen syllables — ^the Eomance verse : the 
Church has, in its music, preserved the old form. Is not this a most signi- 
ficant fact ; and is it not a revelation of the extraordinary power of the 
unobstrusive law, in obedience to which poets have moulded Iheir ever- 
varying, yet ever typically constant, Lyric measures % Now, I can vouch 
for it that at least one not too highly trained Church choir was taught to 
sing the sixteen crotchets, usually written as eight minims, in one breath ; 
a hurried breath or gasp was taken, and the next sixteen crotchets were 
sung, and so on. We have here a perpetuation of the old methods of modi- 
fication — a remnant of the processes of evolution — ^the only vital modern 
addition being the harmony of the music — ^the elaboration of melody. The 
gasp would be more noticeable in the voice of the poet, unaccompanied by 
musical instrument as often as not ; and the dropping of the final unit in 
the eight-stressed verse was prompted by the necessity for drawing a more 
leisured breath after the dehvery of each metrical sentence. The breath 
was taken easily and silently, so that whilst the eighth unit had no articu- 
late existence, it was still present temporally — ^that is, so far as its time was 
concerned, the verse was unaltered, the resulting seven -stressed verse being 
temporally equal to the eight-stressed. This equality is quite apparent 
when the two verses occur together, as in the old ballad of “ King Cophetua 
and the Beggar-maid ” : — 

(13.) The blmded boy, that sbootes so trim, 

Erom heavon downc did hie ; 

He drew a dart and shot at him, 

In place where he (hd lye : 

Which soone did pieibe him to the quicke, 

And when he felt the arrow pricke. 

Which in his tender heart did sticke, 

He looked as he would dye. 

** What sndden chance is this,” qnoth he, 

“ T^t I to lovo must subject be. 

Which never thereto would agree, 

But still did it delie ? ” 


(Stanza 2.) 
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Here the pauses following “ hie,’’ lye,” and “ dye ” are palpably longer 
than those following “ pricke ” and “ be,” the reason being, of course, that 
the verses ending with the two latter words have retained the eighth unit, 
whilst those ending with the three former have dropped that unit : — 

(13r/.) The blin/ded bo,^/, that shootcb/ bO trim/, from hea/ven downe/ did hie/ ; / 

He drew/ a dart/ and shot/ at him/, in place/ where he/ did l\e/ : / 

AV^hich booiic/ did pieise/ him to/ the tiuioke/, and when/ he felt/ the ar/row 
piicke/. 

Which in/ hi«^ ten/der heart/ did stieke/, he looked/ as he/ would d,\e/. / 

“What faud/don chance/ is this/,” quoth he/, ‘-that 1/ to lo\c/ niu-st bub/- 
ject bo/. 

Which ne/ver there/to would/ agree/, but still/ did it/ detie ? ' / ^ 

This fact is stiU more evident in stanzas of the following type, an exceedingly 
popular one both among poets and readers : — 

(14.) We placed at love in Mulga town, 

And O, hei eyes were blue ! 

We played at love in Mulga town, 

And love’s a game for two. 

If three should play, alaok-a-day ! 

There’s one of them will me, 

Dear HeaH / 

There’s one of them will rue. 

(IT. B Oqiliie, *'In Mulsfa Tovjji,” stanza 1 ) 

This stanza could quite well be rounded off at the first “ rue,” when it would 
be composed of three ordinary Ballad verses of seven stress-units each. The 
addition of the Dear Heart ! ” however, converts the last line of these 
stress-units into one of foni*, again followed by one of three ; — 

(14(7.) If three should play, alack-a-day ! 

Thero’b one of them will rue, dear heart ! 

There’s one of them will rue. 

It simply means that the pause at the end of the line containing only three 
stress -units is filled, malang it equal to the line preceding. There is a 
telescoping, as it were, of an eight-stressed and a seven-stressed verse, the 
former resiilting when the first and second lines of (14a) are taken together, 
the latter when the second and third are taken together. The special point 
to be observed is that the pause following the seven-stressed verse is of 
sufficient duration to admit of its place being taken by an ordinary stress- 
miit of two syllables in the present example, or three syllables in a triple 
metre, and when its place is so filled the pause altogether disappear. 
The inference is that whenever a verse containing only seven stress-units 
occurs the pause by which it is followed is simply a gap from which sound 
has been dropped, and into which sound may at any time be replaced. In 
other words, the verse of seven stress-units, or BaUad verse, is merely a 
variation of the verse of eight stress-units, the Romance verse. The pause 
may not always be exactly equal to the dropped unit, for a pause being 
unable to assert itself as articulate sound is able, it has a tendency to collapse 
on itself as it were — to shorten unequally. It nevertheless always retains 
the power to expand so as to admit the restoration of the dropped unit, 
should such restoration bo desiced. 

9. The full verse of eight stress-units will hereafter be called the Romance 
verse, from the fact that it formed the metre of the French romances ; the 
verse of seven stress-units will be called the Ballad verse, from the fact that 
it forms the vital metre of the common English ballad. The Romance 
metre, too, is considered as being the parent of the Ballad. 

20 * 
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10. Tlie Ballad metre lias two lesser br(‘threji, also probably sprung 
from tbe RomaTic(‘, though not on English ground. The first oi those may 
be called the Nibelungeu metre, from the tact that it forms the metre of 
the great Geman epic, the “ Nibelungen Noth.’' It is an important ballad- 
metre both in Germany and in Denmark. It is easy to see the relation 
existing between Ballad and Nibelungen metres ; a verse of each is con- 
tained in Christina Rossetti’s “ He and She ” 

(15.) vShoald one of us rcTnoml)(‘T, 

And ono of us loi*get, 

J wibh 1 knew what each would do — 

But who can tell as y(‘t ? 

This forms the typical metre of “ Iloratius ; and in thiity-uine out of the 
forty-five stanzas of that poem the two metres mingle. The Nibelungen 
has a most distinctive lilt, and its peculiarity is due to the fa(‘t that the 
stressed syllable of the fourth unit has been dropped : — 

(15rt.) Should one/ of us/ vetuem/bev, / and one/ ol us/ iorget/, 

I wish/ I knew/ what each/ would do/ — but who/ can tcD/ as yet ?/ 

For variations in the Nibelungen metre one must turn to the great German 
epic itself as to a treasure-house. The following are noted : — 

(10.) a. We are/ in an/eient sto/ricH / won/dors ma/ny told/ 

6. Fair/ without/ a blo/inish, / her gra/cious bo/dy was/, 

c. Of fes/tival and/ rejoi/cing, / of wec/])ing and/ coinplai/ning, 

d. . \\Tio al/ho in/ his youth/ful da> s/ gi’cat ho/nour of/ten won/. 

e. For whom/ must ma/ny good/ly war/riors lose/ both bo/dy and breath/. 

/. Of no/ble ho/roes’ stri/vings must/ ye e’en now/ to won/lcrs hear/ken. 

</. I will/ of both/ avoid/ me, / that 1/ from miH/ohanco may/ be spared/. 

/i. How sor/row / to true/ love / oft/ at length/ is bai'ed/ ; 

i. So yet/ to thee/ will God/ allot/ a good/ly kiiight/ of stiu/dy limb/. 

These variations aU occur in the first Adventure, containing nineteen stanzas 
of four verses each *, and besides these, there are many verses varied intern- 
ally — ^that is, at other places besides the line-ends and versc-euds. It will 
therefore be evident that the metre, whilst retaining its peculiar character, 
is infinitely varied. In d, e, and / above it swells to full Ballad ; in i it 
swells to fuU Romance ; in ^ we have a Romance verse with a Nibelungen 
umt, an exceedingly rare verse in British poetry. Bums has a strildng ex- 
ample in “ Sae flaxen were hex Ringlets ” — 

(17.) Hao flaxeu were her ringlets. 

Her eyebrows of a darker hue, 

Bewitemngly o’er-arohing 
Twa laughing eon o’ bonie blue. 

Her smiling, sae wyling. 

Wad make a wretch forget his woe I 
What pleasure, what treasure, 

Unto those rosy lips to grow I 
Such was my Cbloris’ bonie face 
When first that bonie face I saw. 

And ay my Chloris’ dearest charm — 

She says she lo’es me best of a’ I 

(Stanza 1.) 

It is seen by the concluding verses that the whole is a Romance stanza ; 
it will be noted, too, tbat verses three and four are parallels to quotation h 
BO far as the opening is concerned — an opening used by very few British 
poets outside Scotland. Tennyson has a happy combination of the three 
verses Nibelungen-Romance, true Nibelungen, and true Romance in his 
soug in The iSCUer’s Daughter ” — 
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(18.) It is tho miller '& cUughter, 

And she la gi'o\vu so dear, so dear, (Xib.-l?om.) 

Thai I would bo tKo je\\el 

That trombleb in her car : (Xib.) 

For, hid in ringlets day and night, 

IM touch her neck so warm and white. I Rom.) 

— ^rhicli ib divided, — 

(18</.) It is/ the mil/ler’s daugh/ter, / and sh(‘/ is gioun/ so dear/, so dear/. 

That 1/ would he/ the jew/ol / that ti*oin/bles in/ her ear/ : / 

Foi', hid/ m ring/lets day/ and night/, I’d touch/ her neck/ -,0 warm/ and 
white/. 

The swelling of the Nibeliingen to this Nibelmigen-Romaiice has almost 
the effect of the Alexandrine swell in the Spencerian stanza : — 

(19.) Now came the loA^ely maiden, ah mornina bteals in rose 

Forth troin sullen shadows ; then sliiijied their many woes 

From men’s taint hearts, new gladdened to have old aches dispelled ; 

He saw the lovely maiden, her gi’aee and her splendour ho beheld. 

( Advent uie v, stanza 17.) 

This swelling, whilst common in the epic, has nevertheless a strange sound 
to English ears, and one would rather suppose the Nibelungen metre to 
have sprung from the Ballad than from the Romance direct. This can 
only be determined by tracing the Nibelungen to its source ; but it is only 
necessary, so far as this analysis is concerned, to show the practical identity 
of the two metres, Nibelungen and Ballad. 

11. The second brother of the Ballad is the metre known as the 
Alexandrine, so called from its being the metre of an old French romance 
whose subject is Alexander.* It is a still further shortening of the Ballad 
metre ; it drops the whole of the fourth unit — ^the unit &om which the 
Nibelungen drops only the stressed syllable. Its relation to the Ballad 
is also easily seen : — 

(20.) In court whobO demaundes 

What dame doth most excell ; 

For my conceit 1 must iiccdb sa 5 % 

Fair Bridges bears the bel. 

Upon whose lively cheek©, 

To prove my judgment true, 

The rose and lilhe seem lo btiive 
For equall change of hewe. 

*• Praise of the Pair Budges.”) 

Divided, this reads, — 

{20o.) In court/ whoso/ demaundes/ / what tUme ' doth most/ excell/ ; 

For my/ conceit/ I must/ needs say/, fair Brid/ges bears/ the bel/. 

The relation to the full Romance is sho'wn in quotation (12a) : — 

When he/ Goli/ath fought/, / and laid/ the Qit/tito low ?/ / 

No sword/ nor spear/ the slrip/ling took/, but chose/ a peb/ble from/ the brook/- 

The three metres, Alexandrine, Ballad, and Romance, occur side by side 
in J. Montgomery’s “ Night ” : — 

(21.) Night is the time for rest ; 

How sweet, when labour's close. 

To gather round an aching breast 
The curtain of repose. 

Stretch the tu'ed limbs, and lay the head 
Down on our own delightful bed I 

* “ Roman d’ Alexandre,” by Alexandre do Bemay, twelfth century. 
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(21fl.) Night/ it, the time/ for rest/ ; / how hweot/, when la/hours close/. 

To ga/thor rouud/ an a/ching breast/ the eur/tain ot/ rejiose/, / 

Stretch/ the tired limbs/, and lay/ the head/ down/ on our own/ 
delight/ful bed !/ 

The Alexandrine in (21) ib made Ni])cluugon by bubstitutiiig “ resting ” 
fox '' rest,” and Ballad by adding and peace ” to “ r(‘St ” 

(216.) Night/ is tlie tiin(‘/ ior rest/ ; / how sweet/, when la/bours dost/. 

Night/ is the time/ for rest/ing ; / how sweet/, when Ia/l)ours elos<‘/. 

Night/ is the time/ tor rest/ and iieace/ ; how sweet/, when la/ hours elo>e/^ 

No dislocation of metre ensues ; the pause is simply filled ; and is not that 
an indication that the pause is occasioned by syllables having been dropped ? 
The pause is evident enough when the Alexandrine occurs with other 
metres ; when, however, a poem is entirely in Alexandrines it is not quite 
so apparent. The following is from song xxvi in Drayton’s “ Polyolbion ” 

(22.) And of those archers brave, there was not any one 
But he could kill a doer, his swiftest speed upon. 

Which they did boil and roast in many a mighty wood, 

Sharp hunger the fine sauce to their more kingly food. 

Then taking them to rest, his merry men and he 
Slept many a summer’s night under the greenw'ood tu‘(‘. 

I^‘om wealthy abbots chests and churls abundant sloi*e. 

What oftentimes he took he shar’d amongst tbe ]iooi : 

No lordly bishop came in lusty Robin’s way, 

To him, before he wont, but for his jiass must pay : 

As already said, the pause, which tends to shorten, may not have, and 
most probably has not, the full value of the dropped unit ; it is, neverthe- 
less, potential to expand for the reception of such unit should uecesbity 
demand it. 

In the old Eomances these Alexandrines are at times written as couplets, 
as was also more generally the full Eomance verse. 01 verses written at 
length, Warton says,* And some critics may be inclined to suspect, that the 
verses which we call Alexandrine, accidentally assumed their foim merely 
from the practice of absurd transcribers, who frugally chose to fill their 
pages to the extremity, and violated the metrical structure for the sake 
of saving their veUum.” In France the Alexandrine has been highly 
developed ; in England it is used principally in its simplest form — a verse 
of two parts each containing three stress-units, and divided by a pause. 
It is here wished to show' merely that this simpler form is closely connected 
with the Ballad. 

12. Whilst Alexandrine and Nihelungen are clos(*ly related to Ballad, 
there seems to exist between them a curious antipathy, except w'hen they 
are interwoven in short stanzas. In the following they blend well : — 

(23.) 1 loved a lass, a fair one. 

As fair as o'er wa^s seen ; 

Sho was indeed a rare ono, 

Another Sheba Queen. 

But fool as then 1 was, 

I thought she loved mo too : 

And now, alas ! she's left me, 

Falero, lero, loo. 

(Wifhert “ I Loved a Lass.**j 

In the “ Nihelungen Noth,” on the other hand, whilst all manner of varia- 
tions, and combinations of Nihelungen verses with BaUad and Eomance 

* “ History of Engli'ih Poetry,” section 1 (page 30 of Ward, Lock, and Tyler’s reprint 

m one volume). 
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orciir, Alexandrines are almost absent— as though the two national metres 
were, like the two peoples, mutually inimical. In the firbt eight Adventures * 
of the great epic — ^tliat is, in 544 stanzas, cojitaining 2.176 verses — ^there are 
only five Alexandrines, viz. : — 

(2^.) a. E'en so/ did she/ excel/ / a 11 ^ood/h tlanitV thereby/ ; 

(Adv. ‘.t. 19, V 3 ) 

b. Dame U/to there/ also/, / the king/ly ^\irt/ ^at/. 

(A 1% . \ st 54, ’v 3 ) 

c. Though not/ ,o much/ for thee*/ / 1 ser\ e/ or love/ ot thme/, 

< \i, st 71, \ 1.) 

d. EuU soon/ Brunhild/ the tair/ / did on/ a statc/ly robe/ ; 

«A<K. Ml, st 29, 1 ) 

e. And mark/ aright/ thou/, / \^hat thou/ do^t hear/ mo ut/toi. 

^Ad\ Ml, st. b8, ^ 2 ) 

Of these, the first example is perhaps better scanned, — 

(24(7.) tu So stood/ bho / belore/ them / and gootl/ly flames/ excelled/ ; 

this being a common type of verse in the <‘pic (see example (16) A). Again, 
d might be scanned : — 

(24</.) d, Brunhild/ / the tair/ one / donned quick/ly a btato/ly robe/ ; 

but this is doubtful, as, wore such intended, Brunhild would probably 
have been written Bnmhilde,” as in — 

(26.) The love/ly / Brunhil/de, / she/ who bore/ a crown/ 

(Adv. X, st. 26, V. 3.) 

This means that lour, or at most five, Alexandrines are admitted in a total 
of 2,176 verses, a proportion so small, considering the large amount of varia- 
tion the Nibelungen verse takes, as to suggest a foreign form. One con- 
clusion may perhaps be drawn with some certainty — ^that is, whilst the 
Nibelungen appears to be a variation, by shortening, of the Ballad, the 
Alexandrine is not a variation, by shortening, of the Nibelmigen. It may 
not be demonstrable, but it will possibly he fomid that the Alexandrine, 
being a peculiarly French form, developed directly from the Romance 
metre in France, as the Ballad developed from the Romance in England. 
Wartonf quotes a “ Norman-Saxon poem ” in w-hich there are traces of 
Nibelungen in a body of Alexandrine verse. He was of opinion ‘'that a 
pause, or division, was intended in the middle of every verse ; and in this 
respect its versification resembles also that of ‘ Albion’s England,’ or 
Drayton’s ‘ Polyolbioii,’ which was a species very common about the reign 
of Queen Elizabeth.” 

13. If, however, we turn to modern Danish poetry, w’e may find perfect 
examples of the blending of Nibelungen, Alexandrine, and Ballad in poems 
whose metre is basically Nibelungen. The following examples are from 
'Winther’s series " Woodcuts ” : — 

(26.) a. When on/ the o/cean tell/ / the sun’s/ low e/ven beam/. 

And our hou/.ses and/ church stee/ple then/ were bathed/ in ro/sy gleam/. 
Upon/ the door’s/ board mos/sy / his fol/dod arms/ he laid/ , 

Whilst down/ the vale/ below^/ him, /his glance/ unwea/ried .strayed/. 

(Steffen og Anne, st. 2.) 


* German edition by Dr. Gustav Pfizer : Stuttgart und Tubingen, 1843. 
t “ History of Engli^ Poetry,” section 1 (page 16 of Ward, Lock, and CCyler’s reprint 
in one volume). 
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h. To mor/row af/tor sci*/mon-timc/ to Nor/retown/ 1 i>o/, 

From mo/thcr's sis/ler learn/ing / to cro/chot lace/ aiwl so^^/ ; 

If you/, my best/ Jokin/, / will thi/tbev walk/ with mt‘/, 

Kis/sos 1/ will give/ you, / it may/ be two/, or three/. 

(Johan og Lise, st. 10.) 

c. The voioo/ cried loud/l>, Pe/ler fcTalcl !/ (‘ve eai*/ly day/ shall break/. 
Arise/, your bo/dy oloth<*/, / your slud/tered homo/ lorsake !/ 

Where Irolds/ have dwelt/ in hol/lovv oak/ a liea/sui<‘ gliin/iners biighl/, 
Your for/tune if/ my war/iiing / you seoiii/ not / this night/. 

(C'hust(‘ii OK Lone, st. 7 ) 

e/. She po/lishcs/ her bed/, / nor snow/ could brigh/ti^r be/, 

Upon/ the mill-/door comes/ a tap/ping,— one/, two/, thr(‘<‘ !/ 

In steps/ Sir Lyk/ko’s ser/\ant, / he htt^>/ his cap/, polite/, 

“ And will/ ye spare/ a space/ / tor my/ sack here/ to-night ? ”/ 

(Svend og Ingei, st. 21.) 

Viewing ttese examples, and many isolated examples in British verse, 
there can he no doubt that the Alexandrine proper is divided by a mid- 
pause into two equal parts — ^that it is, in fact, no more than a variation of 
the Romance metre. 

14. A well-knoAvn stanza may for a moment he examined : — 

(27.) WTiat objects aro the fountains 
Of thy happy strain ? 

What fields, or waves, or mountains ? 

What shapes ot sky or plain ? 

What love of thine own land ? What ignorance ot pain ? 

This will now be seen to fall readily into two Nibelungen verses and one 
Alexandrine : — 

(27(/.) What ob/jects are/ the foun/tains / of/ thy ha/ppy strain ?/ 

What fielcis/, or waves/, or moun/tains V / VVhat shapes/ of sky/ or plain ?/ 
What love/ of thine/ own kind ?/ / What i«j;/norance/ of pain ?/ 

Again, take the version of Psalm viii by the Earl of Surrey : — 

(28.) But yet among all these I ask, " What thing is man ? " 

Whose turn to serve in his poor need this work Thou fiist began. 

Or what is Adam’s son that bears his father's mark V 

For whose delight and comfort eke Thou has wrought all this work. 

I see Thou mind'st him much, that dost reward him so : 

Being but earth, to rule the earth, whereon himselt doth go. 

From angels' sub^tanoe eke Thou mad’st him differ small ; 

Save one doth change liis life awhile ; the other nt)t at all. 

The sun and moon mso Thou madVt to give him light ; 

And each one of the wandering stars to twinkle sparkles bright. 

The air to give him breath ; the water for his health ; 

The earth to bring forth grain and fruit, for to increase his wealth. 

This quotation is taken from Preliminary Remarks on the Olncy Hymns 
in the Rev. T. S. Grimshawe’s 1861 edition of Cowper, where it is followed 
by the ominous remark, “ Sir Thomas Wyatt versified the seven Penitential 
Psalms, and died in 1^2,” On first reading the above example the end- 
construction of the first verse causes a stumble : and it will be re-read either 
as — 

(28a.) But yet/ among/ all these/ I ask/, “ What/ thing/ is man ? "/ 

or 

(28&.) But yet/ among/ all these/ I ask/, “ What thing/ is/ man ? *'/ 

making it of the same type as Moore’s verse — 

But there’s no/thing half/ so sweet/ in life/ as love’s/ 


young/ 


dream/* 
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— a construction that will at oiicc be discaixlcd as ridiculous in this instance. 
Ill two verses only in the whole quotation does the poet himself offpi* a 
clue to the reading : — 

I Koe ’’riiou iiiindM Inin much, that dost reward him so : 

and 

"Phe an- to ^»i^ him breath ; the water for his health ; 

In fact, every odd verse of the quotation is an Alexandrine, whose mid-pause 
mu8l be obser\’’cd if the metre is to run smoothly : — 

(28r.) I see/ Thou mind' t/ him much/, / that dost/ revard/ him so/ : 

Be/ina bill earth/, to rule/ the earth/, whereon/ himself/ doth go/. 

u)id SO of the opening : — 

(28d[.) But yet/ among/ all these/ / 1 ask/, '• What thing/ is man ? ”/ 

Whose turn/ to serve/ in his/ poor need/ this work/ Thou first/ began/. 

15. This paused Alexandrine is (‘ailed in French Alexandriii olassique,” 
and all French verse in this metre took the classical fonn until the time of 
'V'. Hugo, when a “ vers trimetre ” was introduced, which was an Alexandrine 
broken into ih)et* equal parts by two pauses.” 

16. One stanza of Shelley’s Skylark ” has been given, No. (27), and 
it has been shown that the stanza consists of two Nibelimgen verses fol- 
lowed by an Alexandrine ; but the construction of other stanzas in Shelley’s 
poem is different : — 

(29,) Hail to thee, blithe spirit I 
Bird thou neier wort, 

'Phat from heaven, or near it, 

Poureot thy full heart 
In inofuao strains of unpremeditated art. 

If this stanza be dmded in the way No. (27) was di\uded — 

(29«.) Hail/ to thee/, blithe spi/rit I / bird/ thou ne/vor wert/^ 

That/ from heaven/, or near/ it, / pom’/est thy/ full heart/ 

In pro/fube strains/ of un/ /preme/dita/ted art/. 

— we again obtain two Nibeluugen verses and one Alexandrine ; but in 
the Alexandrine a word, “ unpremeditated,” is dmded by a pause ; and 
whilst many readers would probably make some pause on the “ un ” — 
not necessarily, be it again noted, equal to a full unit — others would make 
uo pause whatever, producing an un'paused AlexatiUnne. In every verse 
of Shelley’s poem, excepting the verse ending the first stanza above quoted, 
the pause can be made naturally, though all readers will not necessarily 
make it ; and it might he supposed that Shelley’s verse is a solitary anomaly. 
But turning from the “ sconier of the ground ” to tjie sometime scomcr 
of metre,” Brow]iing, wo read such verses as, — 

(30.) But, ivhcn you would dishcct the btruoture, piece by piece. 

You found, enwreathed amid the country product — ^fleece 
And feather, thistle-fluffn and bearded windle-straws — 
fcJome shred of foreign bilk, unravelHng of gauze. 

Bit, may be, of brocade, mid fur and blow-bell-down ; 

Filched jdainly from mankind, dear tribute paid by town, 

AMiich proved how oft the bird had plucked up heart of grace, 
Rwooped down at waif and stray, made furtively our place 
Pay tax and toll, then homo the booty to enrich 
Her paradise i' the waste ; the how and why of which. 

That is the secret, there the mystery that stings ! 

<*' Fifine at the Pair,” sed:ion is, 1 7 
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Without the mid-pause, can anything but prose be made ol the Jirst throe 
verses of this quotation? In tho fourth, fifth ami sixth, the eight and 
tenth versos the pause is plainly indicated; and, once bhe indication is given, 
the pause is made involuntarily, oven where ther(‘ is no indication, and 
rhythmic harmony becomes metrical harmony. A parallel structure Is 
seen in Tennyson’s verses: — 

(31.) A million emcraUU hivak from tho nil)y-bu(l(lc<l lim»* 

In the little arovo whor<» I wit — ^«ih, wli(‘rc(‘oi*<‘ ciuinot I bo 
like* thint^s ol tho season gay, like tho bouiililul soasoii bland. 

When the lar-otC sail is blown by the* brec'/a* ol a sol ter elinu*. 

Half-lost in tho liquid azure bloom of a t*i‘c‘sc(‘nl of sea, 

The silent sapphire-spangled raavriago-ring ol the land ? 

(“ JMftiid,” boction iv, stanza 1.) 

Taken from their context, are not the two concluding versos siniply beau- 
tiful rhythmic prose — ^prose in structure but poetry in thought ? Much 
of Poe’s weird rhythmic prose is on the verge of metre : “ They sigh one 
unto the other in that solitude, and stretch towards the heaven then* long 
and ghastly necks, and nod to and fro their everlasting lieads.” The sen- 
tences — 

(32.) And stretch towards the heavens their long and ghastly noekR, 

And nod to and fro their everlasting heads 

— become true Alexandrines when tho pause is inserted ; I)ut would they 
be considered Alexandrines without the pause ? I think not : they would 
be deemed rhythmic, but not metrical. Tho question arises, how far 
may a similar conclusion bo applied to matter that is set out as verse ? 
The pause is more certainly subverted when the metre bocoiuos triple : — 

f33,) I was a child, an’ he was a child, an’ he came to harm ; 

There was a girl, a hussy, that workt with him uj) at tho farm, 

One had deceived her an’ loft her alone with her sin an’ her shame, 

And so she was wicked with Harry ; tho girl was the most to blame. 

* * iK * * 

But ho anger’d me all the more, an’ I said, ** You were kooping with h(‘r, 
When I was a-loving you all along an’ tho same as before.’^ 

An’ ho didn’t speak for a while, an’ he anger’d me more and more. 

Then he patted my hand in his gentle way, “ Let bygones be I ” 

“ Bygones ! you kept yours hush’d,” 1 said, “ when you married me ! ” 

{Tenm/son, “ Tho First Quarrel,’* st. Iv, xlii.) 

The true ballad form of the first stajiza may be seeu iu Poe’s “Aiinabel 
Lee”:— 

(34.) 1 was a child, and she was a child, 

In this kingdom by the sea : 

But we loved with a love that was more than love — 

I and my Annabel Lee . 

To conform to the l}Tic measure Temiyson’s verse should be paused : — 

1/ was a child/, an’ he/ / was a child/, an’ he came/ to harm/ ; 

and this pause is indicated in many verses of the poem : — 

Thei’e/ was a girl/, a hus/sy, / that workt/ with him up/ at the farm/. 

Thus paused, the poem is brought back to the perfect Lyric measure of the 
pure Ballad ; and I cannot believe but that every verse, however rugged,, 
floated, iu the poet’s mind, upon this pure Ballad metre. 
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17. The apparently absolute subversion of the pause, exemplified in 
the first verse of No. (33), is yet more strikingly illustrated in Browiiiiiu’s 
metrically remarkable poem Pheidippides ” : — 

(36. ) First L salute this soil of the blessed, river aud rook I 

(^ds of my birthplace, daemons and heroes, honour to all ! 

Then I name theo, claim thee for our patron, coequal in praise — 

Ay, with Zeus the Defender, with Her of the aegis and spear ! 

.\lso, ye of the bow and the buskin, praised be your peer, 

Now, henceforth and forever, — O latest to whom I upraise 
Hand and heart and voice I For Athens, leave pasture and fioek I 
. Present to help, potent to save. Pan — ^patron I cafi ! 

Archons of Athena, topped by the tettix, see, I return 1 
Sec, 'tis myaolf here standing alive, no spectre that speaks ! 

Crowned with the myrtle, did you command me, Athens and you, 

“ Run, Pheidippides, run and race, reach Sparta for aid ! 

Persia has come, wo are here, where is She ? Your command I obeyed, 

Ran and raced : like stubble, some tield which a fire runs through. 

Was the space between city and city : two days, two nights did 1 burn 
Over the hills, under the dales, down juts and up peaks. 

Into their midst I broke : breath served but for Persia has come I 
Persia bids Athens proffer slaves’ tribute, water and earth ; 

Razed to the ground is Eretria — but Athens, shall Athens sink. 

Drop into dust and die — ^the flower of Hellas utterly die, 

Die, with the wide world spitting at Sparta, the stupid, the stander-by ? 

Answ'cr me quick, what help, what hand do you stretch o'er destruction’s brink ? 
How, — ^when ? No care for my limbs ! — there’s lightning in all and some — 

Rough-hewn as this verse appears, beneath its ruggedness flows the per- 
fect smoothness of the lyrical ballad ! Though the measure is not, as 
Mr. Symons says in his Introduction,” an invention of Mr. Browning’s,” 
no other British poet has used it with Browning’s magnificent effect. As 
mil be noted on reading the quotation, the verses are greatly varied, and 
great variation is a characteristic of a iiew’^ as well as of an old type. In 
the new, however, the variations are new', mifamiliar, and in many cases 
isolated ; whereas in the old the variations have become fixed, and are as 
familiar almost as the type itself. The latter is the case with the variations 
of the ballad : the strangeness of many of Browning’s verses in Phei- 
dippides ” is of itself an indication of the newness of the metre. The mopt 
o])trusive characteristic of the poem is the breaking-up of the verses, which 
are triple Alexandrines, into three parts ; instead of the usual middle pause 
of the Alexandrine, these verses have tw'o pauses, thus breaking into three 
approximately equal parts ; — 

(35a.) 1. Archons of Athens, topped by the tettix, see, 1 return ! 

2. Gods of my birthplace, daemons and heroes, honour to all ! 

3. Over the hiUs, under the dales, down pits and up peaks. 

4. Present to help, potent to save. Pan— patron I call I 

The characteristic unit of the poem is e^udently the choriamb,” a Greek 
unit of four syllables, of which the first aud last bore the stress. This is 
a unit wrhich Browning himself has previously used : — 

Kentish Sir Byng stood for his King, bidding the crop-headed Parliament 

awing ; 

The verse of “ Pheidippides ” breaks off at the ‘' crop ” of this example, 
Avith what loss to the sweep of metre the ear will at once detect. The 
choriamb of (36) is still further varied by receiving a feminine ending, 
reducing the Icn^h of the pause betw^een every two units, as may be seen 
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by comparing No. (35«) 1 with No. (35«) 3. Tins paiiso is iiiitlier reduced 
in thp thii’d verse of No. (35) ; — 

356. Then/ I name Ihee/, claim thee/ tor our pa/ troiu ((X^qual in j>rais(/ 

and the verse is still fuller in — 

(33<.) 1. Ay, with Zetis the Detender, with Hot ot the aenis and sp<‘ar ! 

2. Now, heiicetorlh and ioieicM*,— 0 laled to whom I iiprais<‘ 

A new variation is developed in these two verses : 

(36rf.) 1. Archoiih ot Athens, topped hy th(‘ tettix, s(‘e, I return > 

2. Now, henooforth and torcvei*, — 0 latest to wliom 1 upraise 

Compare this with No. (16) h, a Nibelungen vorse- 

(35f>.) 1. Now/, hencetorth/ and tore/ver, — / 0 la/lest to whom/ L upraise/ 

2. Pair/ without/ a blo/mish, / her gra/cious bo/dy was/, 

— and it is at once seen that Browning’s verse is a triple Nibelungen veise, 
the pause in the middle showing where a stressed syllable has been dropped. 
Again, couple No. (35^) I with the verse immediately following in the 
quotation — 

(36/.) Now/, henceforth/ and tore/ver, — / 0 la/ test to whom/ I upraise/ 

Hand/ and heart/ and voice •/ / For A/thens leave ])a/sturc and flo< k !/ 

— and a paused triple Alexandrine is seen following the Nibelungen, as in 
No. (26) h. Again, couple together the third and fourth verses of the third 
stanza : — 

(36y.) Razed/ to the ground/ is Ere/tna — j but A/thens, shall A/thens sink/, 
Drop/ into dust/ and die/ — ^the flower/ of Hel/las ut/tcrly die/, 

Here the pause in the second verse is not due to a dropped syllable as in 
the first ; so that whereas the first verse is Nibelungen, the second is not 
Alexandrine, but full Ballad. Were the pause supposed to represent a 
dropped unit the result would be — 

{Soh.) Drop/ into dust/ and die/ — / the flower/ of Hel/las ut/terly di(‘/, 

— a verse of eight units. Head the third stanza to its conclusion, and any 
doubt of the verse being full Ballad at once vanishes : — 

(36?,) Drop/ into dust/ and die/ — the flower/ of Hel/las ut/terly die/, 

Die/ with the \^ide/ world spit/ting at Spar/ta, the stu/pid, the Htan/der-hy ?/ 
An/»wer me quick/, what help/, \’mat hand/ do you stretch/ o'er destruc/t ion’s 
brink ?/ 

How/, — when 1/ No care/ for my limbs !/ — there’s light/ ning in all/ and 

some/ — 

It is evident that the sweep of the Ballad measure has been wdth the poet 
throughout : the poem is in Alexandrines, and the natural, and conse- 
quently more musical, manner of reading it will consist in observing the 
mid-pause of each verse ; for the rest, the metre will assert itself : — 

(36/.) First 1 salute this soil of the blessed, river and rock I 

Gods of my birthplace, daemons and heroes, honour to all f 
Then I name thee, claim thee for our patron, coequal in praist^- 
Ay, with Zeus the Defender, with Her of the aegis and spoar ! 

Also yo of the bow and the buskin, praised be your peer. 

Now, henceforth and forever, — 0 larest to whom I upraise 

Hand and heart and voice ! For Athens, leave pasture and flock ! 
Present to help, potent to save. Pan — ^patron I oaU i 

The pause is merely a sustaining of the sound of the word preceding tliat 
pause ; it need be but slight, yet it works a magical change, making of 
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an iii'egular metre one perfectly regular and familiar ; it destroys the 
obtrusively harsh cliekety-clack,” “ clickety-clack ” of the unbroken 
(‘horiambs. 

18, One other tact concerning this dominant metre of “ Pheidippides ’’ 
may be noted : verses such as 

Aribons of Athens, topped by the totlix, hce, 1 leturn ! 
are, when lire mid-pause is disregarded, nothing more or less than parallels 
of the Alcxandrin trimetre ” refen‘ed to in paragraph 15. It is difficult 
to compare French and British metres, even when of the same t^"pe, as in 
this instance, seeing that the stresses of French verse are almost free from 
the definite, though not rigid, laws to which British verse is subject. It is 
most interesting, however, to observe that parallel developments are taking 
place in huge bodies of verse, dissimilar in general natuie. but similar iu 
their fundamental laws. 

19. The uupaused Alexandrine, then, by which is meant tlie Alex 
andrine without >w/rf-pause, would appear to be an unnatural variation, 
for which but short life might be prophesied did not the art of printing 
forbid. Irregularly paused Ballad verses, too, confusing as they do the 
lyric flow, cannot live — except in print. Of this kind is Broking’s 

Reverie ” : — 

(30.) Power is known infiiutc* : 

Good struggles to be — at best 
Seems — scanned by the human sight, 

Tried by the senses' test — 

Good palpably : but with right 

Therefore to mind’s award 

01 loving, as power claims praise t 
Power — which finds nought too hard. 

Fulfilling itself all ways 
Unchecked, unchanged : while barred. 

Baffled, what good began 
Ends evil on every side. 

To Power submissive man 

Breathes E’en as thou art, abide I ” 

^ While to good ‘‘ Late-found, long-sought, 

** Would Power to a plenitude 
But liberate, but enlarge 
Good’s strait confine, — ^renewed 
Were over the heart’s diacharge 
Of loving I ” Else doubts intrude. 

(StA»i/as lC-10.) 

This poem was published in 1889, the year of Browning’s death, in the 
volume Asolando : Fancies and Facts,” and it is even more defiant of 
the restraints of metre than the most unruly of his previous poems. These 
restraints, or natural laws, consist of nu nber of units to a verse, and posi- 
tion of the two principal pauses in the verse. As regards the former law, 
it is so palpable, though unwritten, that very few poets disregard it. The 
full Romance verse must contain no more than eight stress-units ; if it 
contain less, it becomes Ballad, Mbelnngen or Alexandrine, and each of 

* See remarks on this metre in French poetry, by H. B. Berthon, iu “ Sp^^cimens of 
Modern French Verac,” p. sxvi. — ^London, 1899. 
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these vaiiatious must adhere to its number of units at peril of its exist- 
ence. Less palpable is the latter law, the position of pauses ; a pause, 
having no sound, and being thus liable to lengthening or shortening at 
the will of the reader, is unable to assert itself in the aggressive manner of 
audible parts, and is liable to be disregarded ; but to tuned ears the pauses 
are as full of harmony as the articulations, and divide those articulations 
into harmonious groupings. In the full Romance verso tliere is the jiatund 
pause, the breath-pause, following every eighth stress : thei’o is a mid- 
pause, not so marked, following the fourth stress, dividing the full verse 
into two equal parts : — 

(37.) Ye banks and braes o’ bonie Boon, how can ye bloom sao fresh and fair ¥ 

As in the course of the arrow shot upwards there are two parts, the ascent 
and the descent, with a slight hover in the air as the arrow tmens, so in the 
full verse there are two parts, and a slight dwelling at the union of the two 
parts that welds but does not crush them together. Besides these two 
principal pauses the verse may, and usually does, contain minor pauses, 
whose positions are entirely optional, depending as they do on the syn- 
tactical construction : — 

(37fl.) How can ye chant, yc little birds, when I'm &ae weary, iu' o’ can* ! 

So, too, of the Ballad verse : — 

(38.) There blew a drowsy, drowsy wind, deep sleep upon mo f(‘U; 

Here the end-pause, dividing the verses, is much more marked than in 
the Romance verse, the reason being that a full unit has been dropped to 
allow of easy breath being taken. The consequence is that the verse is 
divided into two unequal parts by the mid-pause, which still falls, as in 
the Romance verse, after the fourth stress. Should it fall after the third 
stress, the sense of balance is lost, as in No. (35^), 

Drop into dust and die — ^tho flower of Hollas utterly die, 

Here the utterly ” sounds superfluous, the reader being strongly in- 
clined to read the verse : — 

(39.) Drop/ into dust/ and die/ — / the flower/ of Hel/las die/, 

The true mid-pause should fall after “ flower ” — 

(39a.) T>rop/ into dust/ and die/ — ^tho flower/ of Hel/las ul/terly die/, 

— when it becomes an ordinary Ballad verse. In the poem “ Pheidippides ” 
it comes especially strangely because it occurs among Alexandrines, whose 
mid-pause naturally falls after the third stress ; but. as observed in (35 A), 
if this Alexandrine mid-pause — ^the equivalent, it will bo remembered, of a 
dropped unit — be observed, a verse of eight units, a full Romance verse, 
results — 

Drop/ into dust/ and die/ — / tho flower/ of Hel/las ut/terly die/, 

— which is reminiscent of the Romance swell occurring in tho Nibelungen 
metre of the German epic: see No. (19), the last verse : — 

He saw/ tho love/ly mai/den, / her grace/ and her splen/dour he/ beheld/. 
Drop/ into dust/ and die/— / the flower/ of Hel/las ut/terly die/, 

Supposing it to be a full Romance verse, it is the solitary Romance verse 
in the poem. One rather supposes it to be an ordinary Ballad verse, with 
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the inid-pauso inisplaced ; a principal pause, in short, has been placed in 
the position ot a nii»ior pause, and hence the confusion. As contrast, two 
examples may be (juoted . — 

(40 ^ a, 1 SCO Thou mincV-it him much, that dost rowaid him so : 

JESoin<> hut earth, to rule the earth, whercou himselt doth j;o. 

h. Tvaz<‘d to the t^round is Eietvia — ]>ut Ath(‘ns, shall Athens sink, 

Drop mto dust and die — the flowoi ot Hellas utterly die, 

A probable origin ol such unbalanced Ballad verses is more fully discussed 
in paragraph 1 ol Section ll. 

20. It was said in the last paiagiaph that the full Eoniance veise must 
contain no more than eight stress-units. This is no arbitrary but a natural 
law, implicitly obeyed by the poets. On the perception of the law poetry 
emerged irom the ihythmical to the metrical form, and since that emer- 
gence the law has been obeyed — ^intuitively, it may be, but the more per- 
lectly perliaps for that very reason. One may search the garden ol British 
poosie for violation of the law in vain, until the latest garden ol Tennyson 
is entered, when the failing hand of the gardener was no longer able to 
check the growth of weeds : — 

(41.) Will my tiny spark ot being wholly vanish in your tleo})S and heights ? 

Must my days bo dark by reason, O yo Hea\ons, of your boundless night-., 
Rush ol Suns, and roll ot systems, and your licry clash of meteorites ? 

“ Spirit, nearing yon dark portal at the limit of thy human state, 

Fear not thou the hidden pui'pose ot that Power which alone is great, 

Nor the myriad world, His shadow, nor the silent Oponor ol tho Gate.” 

(“ God and the Umvorso.”) 

The thought is starlike in its splendour ol bloom : was the Mowei called£a 
weed ? At least, around the briar to which the rose has ranked lingei’s;a 
sweetness intense as the subtlest odour of the rose ; and it must not be 
forgotten that the rose was, in the first place, a foster-child of the briar. 
But, shut ling his eyes to the beauty of the thought, is not every reader con- 
scious of a certain inharmony in the metre ? AVhat is the cause ol it ? — 
of what does the thorn of the briar consist ? Appi'oach the flower Irom 
another side 

(4Jrf.) Will my tmy spark ol being vanish in your deeps and hoighta ? 

Must niy days be dark by reason. Heavens, ot your boundleas nights, 

Rush oi Huns, and roll ol sysloms, fiery clabli ot meteorites V 

“ Spirit, nearing yon dark portal, limit of thy human state, 

F<*ar not Ibou the hhldon pulpo^e of that Power, the one, the gieal, 

Nor the myriad world, His shadow, silent Opener of tho Gato,” 

Has not the sense oi inharmony disappeared ? What, then, was its cause ? 
In (11c?) the verses are full Romance verses of eight units ; in (41), on the 
other hand, each verse contains nine units, the first half of the verse lour, 
the second half live. The intruding ninth unit was the cause of the in- 
harmony ; it was as though one, thinking to have reached the stair-foot, 
had found another step. As Browning’s verse in (35^) was an unbalanced 
Ballad verse, so Tennyson's is an imbalanced Romance vei-se — a solitary 
example. 

21. To summarize this section, the verse-unit ” of British lyric mea- 
sures, which are all included in Romance metre aud its three valiants, is 
a verse of eight stress-units or them equivalent ; as — 
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Romance. 

Yo bankf. and braeb o’ bonie Doon, how can yo bloom bao fi*osh and iair ** 

Ballad. 

There blow a drow&y, di’owsy wind, doo}) bleep upon mo fed I, 

Nibehtngen. 

From Groonland’s icy mountains, and India’s coral strand, 

• Alexandrine. 

What love of thino own kind ? What ignorance ot pain ? 


and the dubious 

Vnpaueed Alexandrine. 

In profuse strains of unpremeditated art. 

To show their connection and variation, these may be divided, — 

Ye banks/ and braes/ o’ bo/nio Boon/, how can/ yc bloom/ sac fresh/ and fair V 
There blow/ a drow/sy, drow/sy wmd^ dee]) sleep/ upon/ me tell/, / 

Fi*om Green/land’s i/oy moun/ tains, / and In/dia’s co/ral stiand/, / 

What love/ of thine/ own kind ?/ / What ie;/ noranee/ of pain ?/ / 

In pro/tuse strains/ of un/preme/dita/ted art/ / (Y) / 

The last is so irregular that it almost seems to repudiate kinship with th(' 
others ; nevertheless, as its development from the Alexandrine can l)e 
traced, its existence must be recognized. The above examples are all pure* 
duple ; the triple metres follow precisely the same laws, so it will bo sufli- 
cient merely to quote a verse of each variation : — 

The glad/ hhds are sing/ing, the flow/rets are spring/ing, o’er mea/dow and 
moun/tain and down/ m the vale/ ; 

The cup/ was all fill’d/, and the leaves/ were all wet/, and it soem’d/, to a fan/oifid 
view/, / 

We sat/ down and wept/ by the wa/ters / of Ba/bel and thought/ of the 
day/ / 

Ah sun/flowor I wea/ry of time/, / who ooun/tost tho steps/of th(‘ 

sun/; / 

Consi/der it well/ : each tone/ of our scale/ in itself/ is nought/ ; / { ? ) / 

Then, again, there is the not yet etheralized quadruple metre, of which 
the following are examples of Eomance and Ballad : — 

And the bush/ hath friends to meet/ him, and their kind/ly voices greet/ him 
in the mur/mur of tho hree/zes and the ri/ver on its bars/, 

There was move/ment at tho ata/tion, for the word/ had passed around/ thet 
the colt/ from old Regi’et/ had got away/, / 

These three — duple, triple, and quadruple— are tho extremes of type of the 
Romance verse and its developments ; and over this verse of eight units, 
each unit with its triple variation of sound and its fourth variation of 
pause — over this octave of verse — ^the poets of Britain’s Helicon have 
breathed their hearts into the immortality of song. 


1. The poems heretofore considered have been those whose stanzas 
contain an exact number of full verse-units — ^that is, every verse in the 
stanza is complete of its kind — Romance, Ballad, Nibelungen, or 
Alexandrine. There is, however, another form of stanza which, whilst not 
nearly so common as the perfect form, is vet sufficiently common to demand 
consideration when deciding upon the “ verse-unit.” It is a “ fibsed varia- 
tion,” and any variation that can become fixed must have a large amount 
of inherent vitality — ^must he closely akin to the parent form. 



Andersen. — The Verse-unit, 


m 


2. The “ telescoping ” o£ a Romance and Ballad verse has been referred 
to in paragraph 8 of Section I. It gives rise to a very popular form of 
stanza : — 

(1.) Thib maycleii in a moriio betime 

AVonI forth, when May was in her prime, 

To gel sweet celywall, 

TIho honeysuc‘kle, the havlocko, 

Tlie Ully and the lady-smocke. 

To deck her suminor hall. 

[Ihat/toH, “ Do\\«>abel,” stanza. 0.) 

Stanzas such as this would almost suggesl that a four-stressed rather than 
an eight-stressed verso should be adopted as the natural verse-unit. Such 
a unit would apply to all eight-stressed verses, whilst it would also apply to 
a large number of others that must otheiwise be regarded as exceptions 
to the law, and variations of the type ; practically the whole of our Lyric 
measures would conform to the four-stressed unit. Much of the Romance 
poetry, moreover, is found in four-stressed riming lines, each full Romance 
verse thus forming a rimed couplet, as in Scott’s “ Metrical Romances” : — 

(2.) Ifitz- James look round — ^yet scarce l)clieved 
The witness that his oictht voceivod ; 

Such apparition well »nu;ht seem 
Delusion of a dreadtiil dream. 

Sir Roderick in suspense he eyed, 

And to his look the Chiet r(‘plied, 

“ Fear nought — ^nay, that 1 need not say — 

But doubt not aught from mine array.” 

The fjtxdy of tho Lake,'* canto v, seen, xi.) 

The very punctuation here indicates that each couplet in the above is a 
practically complete sentence wliich it would be a violation to divide with 
a breath. The verse is divided into two equal parts, but is knit or coupled 
by the rime. That the couplet is a complete whole is, I think, felt instinc- 
tively, and very few readers, if any, would take a breath after every line. 
It is not denied that advantage may be and is taken of a break such as that 
after the line 

Fear nought — n«y, that I ueed not say — 

but admitting this is only admitting occasional exceptions that do not 
vitiate the contention that the full Romance verse is the average length oi 
a breath-sentence. The very fact that it is an average implies that there 
were, and may still be, verses longer or shorter. Every law oi classification 
has its exceptions, but when ihese exceptions are so small a minority in 
<‘omparison with the conforming numbers tliey in no way weaken the law. 

3. Scott’s reasons for adopting the “ Romantic stanza,” as Ije calls it, 
are set out in his introduction to the 1830 edition of The Lay of tho Last 
Minstrel.” He rejected the Ballad measure because The Ballad measure 
itself, which was once listened to as to an enchanting melody, had becionie 
hackneyed and sickening, from its being the accompaniment of every grind- 
ing hand-organ ; and, besides, a long work in quatrains, whether those of 
the common ballad, or such as are termed elegiac, has an effect upon the mind 
like that of the bed of Procrustes upon the human body ; for, as it must be 
both awkward and difficult to carry on a long sentence from one stanza to 
another, it follows, that the meaning of each period must be comprehended 
within four lines, and equally so that it must be extended so as to fill that 
space. ... In the dilemma occasioned by this objection tho idea 
occurred to the Author of using the measured short line, which forms tin* 
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btnictuie of so much minstrel poetry, that it may properly bo termed the 
Romantic stanza by way of distmctioii ; and whi(*h appears so natural to 
our language, that the very best oi our poets have not been able to protiMot 
ii into the verse properly called Heroic without the use ol epitht'ls which 
are, to say the least, unnoeessary.” In a note to this remark ho adds, 
“ Thus it "has been often remaiked, that, in lh<‘ opcMiing (‘ouplets of Topi^’b 
translation of the Iliad, there are two syllables forming a su])erlluous w<n*d 
in each line, as may be observed by att(*nding to such words as are print<d 
in italics : — 

(3.) Achilleb’ wrath to Greece the direful bpnng 
Of woes unnumber’cl, hetivp'nhj ftofldcss, sin^; ; 

That wrath which bent to Pluto’s qloomi/ ieii>n 
Tho souls ol mighty chiefs in battle slain, 

AVhoso bone«i, unburiocl on Iho desert shore. 

Devouring dogs and Iningty vultures tore.” 

Scott rebels against the expansion or limitation of thought to the average 
of four lines — ^he should have said two lines. He also objects to the (‘xira 
unit in Heroic verse ; but the H(‘roic was the stepping-stone to Blank verse, 
<i metre that evolved to accommodate sentences of varying length, as tlie 
Romance evolved to accommodate sentences of average lengtli ; and as the 
Romance metre will not tolerate seiitencos that run on from verse to V(^rs(\ 
so the best Blank verse will not tolerate verses that do not run ou or o\(‘r- 
flow. Whilst, however, Scott rebels against the yoke, he bows to it ; foi‘ 
Lis sentences, as in the example quoted from The Lady of the Lake,” are 
nearly always comprised within rwo luies — a verse. Whilst, too, he rejects 
the formal ballad as his vehicle, he constantly admits it to relieve the 
monotony of the '' Romantic stanza ” (see in The Lay of the Last 
Minstrel,” canto i, sections x, xii, xiii, xviii, xxiv, &c.). It will scarcely be 
denied that Ballad verses of seven stresses are recited in one breath lo one 
verse ; and admitting this, ix is admitted that the parent verse, the 
Romance, was recited in a breath. Had Scott’s tales been sung — as, indeed, 
they were supposed to bo sung in the Lay — Ballad metre would, without 
doubt, have much more largely predominated. The eye, however, docs 
not require the rests required by tho breath ; and the period elapsing 
between the evolution of the Ballad form from the Romance and the time of 
printing is so comparatively short that, whilst the Ballad had time to become 
a most vigorous living form, the Romance also was given new life ere it had 
joined the hexameter and runic stave as a fossil parent form. In tlio 
formal ballad that Scott and others condemned, even despised — ^the ballad 
whobC form appeared to be of greater moment than its thought — ^the form 
was, as it were, making root and wood ; it throve sturdily and persistently 
among other and more tended forms, and upon its vigorous stock are now 
grafted the finest flowering of British lyrics. 

4. A reason has already been given for supposing that the Romance 
verse was shortened by the dropping of a unit to admit of a breath being 
easily taken (see paragraph 8 of Section I). ■ W^’ere a breath ipken after 
each line of fonr stresses, as is usually done in Church congregations 
(maugre Section I, paragraph 8), there would have been no need for any 
shortening at all. The mere fact that there was a tendency to shorten 
the eight-stressed verse shows that there was a tendency to take the whole 
in one breath, and it is for this reason that tho unit of verse-length has been 
taken as the breath-sentence, or full verse of eight stresses, rather than as 
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the halt-verse, or line of four stresses. The breath-sentence, as a rule, 
falls naturally into two parts : — 

(4.) Everyo white v'ill have itb l>lacke, 

And evcryc sweeto its .sowre ; 

This foundo the ladye OhiistaboUe 
In an untimely howrc. 

Eor so it befelle, as S 5 n.* Cauline 
Was with that ladye faire. 

The kini'(‘ her father walked torthe 
To take the evonynt> aive : 

And into the arbourc ah he went 
To rest his wearye feet. 

He founde his daughter and syr Cauline 
There bctto in daliaunce sweet. 

The kinge hec sterted for the, 1-wys, 

And an angrye man was hee : 

* Nowe, traytoure, thou shalt hange or drawe, 

And rewc shall thy ladie.’ 

Sii Caulme,” pait TI, btan/as 1 to 4 ) 

If this or any other baUad be read aloud, it will bo found that the breath is 
invariably taken after the seventh stress, at the place of the dropped eighth 
unit. It may be said that advantage is taken of the verse-end to take the 
breath, not that the verse was moulded of a length to enable the breath to 
he so taken ; but the breath is the imperative need, and it is more likely 
that the articulations borne on the breath will be made coterminous with 
the natural breath than that the natural breath will be unduly shortened 
or lengthened to accommodate the articulations. Development is along the 
lines of least resistance, and it is easier to accommodate the articulations to 
the breath than the breath to the articulations. Again, it is easier to take a 
leisured breath than it is to take a hurried breath ; and the unit was dropped 
from the eight-stressed Eomance verso to avoid the gasp and discomfort of 
a hurried breath. Now, whilst the unit was usually dropped at the verse- 
end, instances may have occurred — ^indeed, must almost necessarily have 
occurred — ^where the unit was dropped at the opening of the second verse, 
and not at the end of the first. In the fourth stanza of example No. (4) 
the verse 

(5.) The kiugo he© htertecl forth©, 1-wyH, and an angtye man wab hce, 

<‘au be divided either as two lines of four and three stresses respectively : — 

(3fl.) The kinge heo Htertecl forth©, 1-wyH, 

.Vncl an angry© man wab hoo : 

or as two lines of three and four stresses respectively : — 

(56.) The kinge hoe bt(‘rt©d forthe, 

1-wyb, and an angry© man was hee: 

Verses of the latter type arc of frequent occurrence, and are probably 
examples of a type where the unit was dropped at the beginning of the 
second verse instead of at the end of the first. The following occur in the 
first book of Chapman’s translation of Homer’s Hiad ” : — 

(6.) a. JoYo’s and Latona’s son/ ; who, iked againbt tho king of men 

(Veiao 4.) 

6. Obeying his high will/, tho priest trod off with haste and fear ; 

(Veise 3S.) 

c. And quiver covered round/, his hands did on his shoulders throw ; 

(Verse 44.) 

d. Filled all his faculties/ ; his eyes sparkled like kmdling fire, 


(Veise 101.) 



628 


Tranuicliotii^, 


Also verses 134, 163, 202, 210, 239, 242, and 249. It is probable that in 
poetry, in the transition stage from Eonmnec l.o Ballad, tliese heavy-ended 
verses will be found in more abundance than in later poelry. In natural 
growths all departures from the “typo” lend to die out, so(uug that tb(» 
typo is the mean result of many varying forms of which the cl(‘}>artures are 
individuals only. If they liave suflicieiit vigour to persist, they may pro- 
duce new forms — ^fixed variations. When poetry was mor(‘ reeited than 
written the process of ehminatioii of departures from type would be can‘i<»(l 
on in the speech, and it is only when the departure's have Ix'conu' fossilm'cl 
in manuscript that we can see the process at work. Had (1ia])man’s verses 
been memorized and recited instead of being written, it is prohahh' — almost 
certain — ^that the heavy-ended verses would have' been changed ; nor would 
any great change be needed to convert them into the light-ended, heavy- 
head^ verses of the '' type ” — the Ballad. 

ifia.) Obeying his high will, the priest Irotl off with haste and fc'ar 
would easily become 

(66.) The priest, obeying his high will, trod off with haa(e and iear ; 

and so on. \^Tiilst the verses quoted in example No. (6) B<*em uii ha la not'd 
when separated from the context, they are, when read in the poem, pausi'd 
in accordance with rhythmical division, not syntactical : — 

(7.) n, Jove's and Ijatona's son ; who, fired 
Against the king of men 

6. Obeying his high will, the priest 
Troil off with haste and fear ; 

c. And quiver covered round, his hands 
Did on his shoulders throw ; 

This reversed division occurs with a new feature in modern poetry : — 

(8.) Well does the May that lies 
Smiling in thy cheeks, confess 
The April in thine eyes ; 

Mutual sweetness they express. 

No April e’er lent kinder showers. 

Nor ]May returned more faithful flowers. 

{Vruhhmr^ “Saint -Miiry ilaRtlaloiu*.”) 

(9.) So it is, my dear. 

All such things touch secret strings 
For heavy ht'arts to hear. 
vSo it is, my dear. 

(/>. O', “Even So.'*) 

(10.) Oo forth 1 for she is gone ! 

With the golden light of her wavy hair, 
t’ho is gone to the fields of the 'vdewloss air. 

She hath left her dwelling lone ! 

{Mn, Hmantt, if The BiuVs Rrtpas<‘.”) 

(11.) A voice from Scio’s isle — 

A voice of song, a voice of old 
.Swept far as obud on billow rolled. 

And earth was hushed the while. 

SemittiPf “Tlio Voice of Scio.”) 

Tlio new feature is the place now taken by the panse ; it neither precede 
nor follows the Ballad verse, but divides it, so that the first line in each 
example is, as it were, isolated, the latter half of the first full verse com- 
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billing with the next verso. Take example No. (11), in which are combined 
two full Ballad versos. As read, this stanza is divided by the pause : — 

(llr/.) A voice/ from 8ci/o’s isle/ — / a voice/ ot r>on£>/, a voice/ oJ old/ 

Swept far/ as cloud/ on hil/low rolled/, and earth/ was hushed/ the while/. * 

The first three stresses are isolated, and the rest of the stanza is knit into a 
perh'ct whole. The heavy half of the Ballad verse refuses to follow — it 
will lead, us does the heavy head of the aiTow — and a new comlnmitiou 
results. Let two stanzas be quoted : — 

(116.) A voice from Hcio's isle — 

A voi<*<‘ of son^*, a voice of old 
Swept tar as oloud on billow rolled. 

And earth was hushed the while. 

The souls of nations woke ! 

Where lies the land, whose hills ainoni* 

That voice of victory hath not rung 
As if a trumpet spoke V 

In ])oth stanzas, and in evoiy stanza of the poem, the first line of three 
accents is separated from the rest of the stanza by a pause ; the rime is its 
solo connection, from a metrical point of view. Omit the first line of the 
two stanzas quoted : - 

( 1 1 ( . ) A voice of song, a voice of old 

Mwept far as cloud on billow rolled, 

And earth was hushed the while. 

Where lies the land, whose hills among 
The voice of victory hath not rung 
As if a trum])et spoke V* 

Substitute for “ And earth was hushed the while,” “ Nor earth the 
silence broke,” and the Dowsabel ” stanza is tlie result. Or if the pause 
isolating the first line be filled — 

(lid.) A voice from Mcio's isle, ’tis told, 

A voice of song, a voice of old 
♦Swept far as cloml on billow rolled. 

And earth was hushed the whik 

The souls of nations woke and sung. 

Where lies the land, whose hills among 
That voice of victory hath not rung 
As if a trumpet spoke ? 

— the stanza of Helen of Kirkconiiel ” results, this stanza being a com- 
bination of a Romance with a Ballad verse, as the former is the “ tele- 
scoping ” of those two verses. 

5. Another possible oingin may be conjectured. Bishop Percy, in his 
Reliques, has fortunately preserved an unpolished piece of work from the 
stithy of the poet’s brain. He prints the first stanza of “ A, Robyn, Jolly 
Robyn”:— 

(12.) “ A, Robyn, 

Jolly Robyn, 

Toll mo how thy leman dooth, 

And thou shalt know of m 3 m.” 


* Reference might be made to the remarks by Professor Saintsbury on what has in 
this paper been called the Dowsabel form of verse, in “ History of English Prosody,” 
vol. i., pp. 92, 93. 
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^Lud the second stanza : — 

My lady is unk\ii<U‘ peidt*.” 

“ Alack ! why is she so ” 

She lo\elh an other better than me ; 

And yet she will say no.” 

The Bishop roniarks, “ Yet the first stanza appears to be defeetivo, and it 
should seem that a line is wanting, unh^ss the first four words were 
lengthened in the time.” But the two tragmentary lines — 

A, Robyn, 

JoUy Robyn, 

— simply form half of a Eomance verse ; and the stanza runs trippingly 
as — 

(12(t.) A, Robyn, jolly Robyn, 

Tell mo how thy leman doeth. 

And thou bhalt know of myn.” 

— ^which, again, forms half of a Dowsabol ” stanza. These Eragmontaiy 
lines give body to a certain thought that lies at the back of the mind when 
it is said that the Eomance verse is the average length of a spoken or recited 
sentence — ^the thought that in old ballads, newly taking shape, there must 
have been many sentences that either exceeded or fell short of the average. 
These erratic verses would naturally be altered to conform to type, or if 
they proved inconformable they would be replaced by others, and would 
in either case disappear. If, indeed, they were possessed of sufficient 
vitality, and were on the lines of natural development, they would become 
established as permanent variations, or might even supplant the parent 
type, becoming themselves the new type from which subsequent vanations 
would flow. The latter is the case with the Ballad metre, which threatened 
to supplant the Eomance metre ; the former is the ease as regards the 
permanent variations of the Alexandrine and Nibelungen metres. This 
constant alteration and development was a process at first largely carried 
on in the minds of the singers or reciters : a verse that sounded harsh when 
recited by one poet would be altered by another with perhaps a finer ear, 
and so the change would go on until the whole poem was confoimable to 
type, or until it had been caught and set up by a scribe, becoming an 
example for aU time. Even after a poem had been committed to manu- 
script, and often during that very process, it underwTiit new changes, mitil, 
excepting for the matter, the two forms can hardly be recognized as being 
originally one and the same. 

6. A short study of the “ Ancient Ballad of Chevy Chase ” will reveal 
the existence of many varieties of verses, some of which arc now fixed types, 
but most of which are obsolete. One stanza is printed by Bishop Percy : — 

(13.) “ Nay [then] ” sayd the lord Perse, 

I tolde it the bifomc. 

That I wolde never yeldyde be 
To no man of woman bom.” 

(Part if, stanza 11.) 

The " then ” of the first line was inserted by Percy, so that in the manu- 
script the stanza had a very different opening : — 

{13a, ) “ Nay ” sayd the lord Pers^, 

“ I tolde it the bzforae. 

Divided, the two forms side by side are, — 

(136.) “Nay/ then” sayd/ the lord/ Pers^/, “I tolde/ it the/ biforne/, 

“ Nay ” sayd/ the lord/ Pers*^/, / “ X tolde/ it the/ biforne/, 

[or] ** Nay ”/ sayd the lord/ Perb^/, / « I tolde/ it the/ biforne/, 
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Similarly, the stanza given by Percy as opening — 

(14.) Tlic[y] tooke ['oiij on ethar hand 
Be the ly^lit olf tho monc ; 

(Rait 11, btan/d 23 ) 

—should be, — 

(14rt.) The tooke on otliar hand 

Be the lyt*ht off the mone ; 

Again comparing Ihe divided torms : — 

(146.) Thejyl/ looke [onj/ on c/lhai hand/ be the J>i*ht off/ the mono/ ; 

The tooke/ on e/lhar hand/ / be the/ lyght off/ tho mone/ ; 

In both instances Percy has made an abrupt Ballad verse out oi what v ab- 
originally an ordinary Alexandrine. Such alti'niation of Alexandrine with 
Ballad was aiid is common enough : an example by the Earl of SmTey I'us 
been given in example No. (28), Section I, of this (hapter. The Nibelungcii 
verse is also found in Chevy Clmse ” — 

(13.) Then sayd the doughto Boglas 
Unto the lord Porbd : 

“ To kyll all thes giltloss m(‘n, 

A -las ! it wear great jiitte. 

(Pait 1, stan7n 10 ) 

(15«.) Th(‘u sayd/ tJie dough/te Dog/las / unto/ tho lord/ Perse/: 

— though by the ac(*Gnt-mdrks Percy would make tho verse Alexandrine. 
Ill the stanzas following hereiind(*r the Ballad of the first verse dwindles 
Nibehmgen in tho second and third, and to Alexandrine in the fourth : — 

(16.) Thear wos hlayne \vith the lord Pors^ 

Sii John of Agerstone, 

Sir Roger the hinde Harlly, 

Sir \Vyllyam tho bolde Hearone. 

Sir Jorg tho worch^ Lovcle 
A kuyght of great renowen. 

Sir Raff tho lycho Rugbo 
With dyntes were beaten downc. 

(P.ufc il, stanzas S'*, 2') ) 

(1G«.) Thear/ was blayne/ with the loid/ Pers6/ Sir John/ of A/g(‘r^tonc/, 

Sir Ro/g(‘r the hiii/d<' Hart/ly, / Sir Wyl/lyam the bolde/ Hearone/. 

Sir Jorg/ ihe wor/thd Lo/^ele / a knyglit/ oi great/ reno^ten/, 

Sir Raft/ the ryche/ Rugbe/ / with dyn/tes were bea/ten tlowno/. 

The swelling of the Ballad to Ihe parent Romance is even more noticeable 

(17.) The dougheti Bogglas on a Btode 
He rode ait his men betorno ; 

His armor glytteryde as dyd a glede ; 

A bolder baruo was never born. 

(Pait 1 , stanzn 14.) 

(17«.) The dough/eti Dog/glas on/ a stede/ ho rode/ att his men/ bciorne/ ; / 

His ar/mor glyti/erytle as dyd/ a glede/ ; a bol/dcr barne/ ^^as ne/ver 
born/. 

It swells to full Romance in both verses of the following : — 

(18.) Tivydale may oarpe off oare, 

Northombarlond may mayk grate mone, 

For towo such captayns, as blayno wear thear 
On tho march perti shall never be none. 

(Part ii, &tanza 34.) 

(18a.) Ti/vydale/ may carpo/ off care/, Northom/barlond/ may mayk/ grate mone. 
For towe/ such cap/taynb, as slayne/ wear thear/, on tho march/ perti/ shall 
ne/ver bo none/. 
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lu fiovcral verses even the Eomaiicc is exceeded : — 


(19.) “ Leave otf the hrytlynsj of tlie dear," he saycle, 

And to youi* bowys look ye tayk good heod ; 

For never aithe yo wear on your luolharh borne 
Had ye never so miekl<‘ need." 

(Part i, stanza 13.) 

This “Battle of Chevy Chase” is a stirring,, rugged old Ballad; and lln* 
process of forcing to type is clearly seen when the foregoing stanzas arc* 
compared with the parallel stanzas in the later version, given by Percy 
as “ the more improved edition of tliat fine Heroic ballad.” Ho says 
the bard of the latter has “ everywhere improved the versification ” — ^that 
is, he has brought it into strict conformity with tj^o. Tn this “ iinprovt'd 
edition ” quotation No. (13) becomes-' 


(20.) ‘'Noe, Douglas," (j[uoth Erl 
“ Thy proffer I tloe sconie ; 
i will not yeelde to any Heott 
That ever yett wah borne." 

<}uotation No. (16) becomes — 


P(‘rey ihen, 


(Stanza 38.) 


(21.) With fttout Earle Percy, th<‘ve was slaiiu* 
8ir John of Egerton, 

Sir Robert Haleuff, and Sir John, 

Sir Janies that bold Baiiron : 


And with Sir (Jleorge and stout Sir James, 

Both knights of good account, 

(loocl Sii Ralph Raby there was slaine, 

AVhoae prowess*' did surmount. 

(Stanzas 51, 52.) 

Here Procrustes has been lengthening the limbs of his victims without a 
doubt. Quotation No. (17) becomes — 

(22.) Erie Douglas on liis milke- while stewle, 

Most like a baron Ixild, 

Rode foremost of his company. 

Whose armour shone like gold. 

(Stanza 17.) 

And. lastly, quotation No. (19) becomes the second verse of — 

(23.) All men of pleasant Tivydale, 

Past by the river Tweed** : " 

“ O, cease your s]iorts," Erie Percy said, 

And take your bowes with speede : 

All the mggedness, and much of the life, have disappeared in the course 
of improvement,” and wc may be quite certain that our smoothest 
ballads have resulted from a similar process. It is possible that even in 
the older form the process is seen at work in a vei*se like — 


(24.) That day, that day, that dreadfull day : 

The first Fit here 1 fynde. 

(Part 1, last stanza.) 

— ^^vhere an Alexandrine — 


(24a.) That day, that dreadfull day : 

The first Fit here I fynde. 

—has been swelled to the full Ballad by the insertion of another “ tliat 
day.” Such verses are of very frequent occurrence in the old ballads ; in 
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Kobiji Hood and Guy of Gisborne,” a ballad of fifly-iiiue stanzas us ^iven 
by Percy, tbore are five : — 

(25.) a. ‘‘ Woo w<'c worth thee, wicked wood, 

That ere thou grew on a tret' ; 

(Veiso 35.) 

b. Saie<^, “ Ijyt^ there, Ij^c there, now sir Ou,\ t*. 

And with me he not \\rolhe ; 

(Ver^o 87.) 

c. Hearken, heark(‘n," baytl the sheriffe, 

“ I heare now iydin£>s £»ood, 

(Veise 9.5 ) 

They are also of frequent occurrence in modern ballads, as in Coloridue’s 
“ Rime of the Ancient Mariner ” : — 

(20.) a. Water, water, e\ cry where. 

And all the boarcU clkl bhriiik ; 

AVator, water, e\ery where 
Nor an3’^ drop to drink. 

h. Fear not, fear not, thou weddin£‘-l•U(‘^t I 
This bodj' dro]jt not down. 

And many others. In many instances the repetition adds force,* hut in 
as many it appears to be mere filling-out to obtain conformity to type. 

7. An amplification of a somewhat different kind appears in Burns's 
poem : — 

(27.) 0, werl thou in the caiild blabt 
On yonder lea, on yonder lea. 

My plaidio to the angry airt, 

Jkl bheltor thee, I’d shelter thee. 

Or did Misfortune’s bitter stormb 
Around thee blaw, around theo blaw, 

Thy bield should be my bosom, 

To share it a’, to share it a’. 

Every verse of both stanzas of the poem echoes in the same way. An 
abruptness, otherwise too apparent, is rounded off’ by the echo. There is 
no echo in Walsh’s " Mo Craoibhin Cno,” and the result is almost disagree- 
able : — 

(28.) The high-bred dames of Dublin town 
Are rich and fair, 

Willi wavy plumes and silken gown. 

And stately air ; 

Can plumes compare thy tlark-brown hair ? 

Can silks thy neck of snow ? 

Or measured jiace thine artless grace, 

Mo craoibhin cno, 

W^hon harebells scarcely show tliy trace, 

JIo craoibhin cno ? 

(Stanza 2.) 

Again, one is inclined to draw out the “ rich and fair ” like ** love’s young 
dream” in the example with No. (28b) of Section I, or to echo as in Burns’s 
stanza, the reason being that the verse as it stands — 

(28«*) The high-bred dames of Dublin town 
Aro rich and fair, 


* As m Ooloridgo’s 

Alone, alone, all, all alone, 
Alono on a wide, wide sea ! 
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— is uot conformable to typo; it is, in leality, «in unpausecl Aloxaiidiine. 
The same is true of the two concluding verses of Burns’s cliai'acteristic 
" Mouse stanza ” : — 


(29.) Still thou art hlcht, compared wi’ me I 
The ])Tebeiit only toueholh theo : 

But ocii ! 1 backward cast my e’o 
On prospect H drear I 
An’ forward, tho’ 1 caiina see, 

1 guess an’ tear ! 

These remarks properly belong to the chapter on the stanza, being merely 
touched upon in this place in connection with irregular verse-lengths as 
affecting the type.” 

8. Coming to modern times, wc may glance at the treatment of the 
fine old Danish ballad Agnes and the Merman.” A translation is given 
of the version appearing in Svend Grundtvig’s Damnarks Folkeviser,” 
published in 1882. As this is intended to illustrate the metro, the broken 
hit of the original is as nearly as possible adhered to, and the translation 
is divided so that the lilt may more readily l)e pcr(*cived. The words that 
would bear the metrical stress, were the verses made to conform to type, 
immediately precede the firm bar ; words whose stress must then be sup- 
pressed, though they would probably have received stress when the poem 
was recited in olden days, precede the broken bar : — 

(30.) 1. Agnc/te she stanclb/ on the High/lancl bridge/, 

Sinyimj the hirdtt an*. 

And up/ oamo the Mer/man from bil/low’s blue ridge/. 

Lovely Aymtel 

2. As pu/rest gold-/glimmer so/ was bis hair/, 

The joy/ of his heart/ in his eyes/ lay bare/, 

3. And hoar/ thou, Agne/te so fair/ and so fine 1/ 

And wilt/ thou become/ now the AU-dear/cst of mine ? *’/ 

4. Oh, yes/ indeed/, that will/ i do/. 

If thou ta/kest me un/dor the bil/low so blue.”/ 

6. Her ears/ then ho/ has do/ lAd, her moulh/ covered o'er/. 

Then down/ to the o/oean’s doei)/ tho maul/ ho boro/. 

6. ‘Prom o/cean’b floor/ hib dwcl/liug uprose/, 

Agne/te in shoes/ of red gold/ therein goes/. 

7. There wonned/ they toge/ther for eight/ full years/, 

{*^0118 se/ven and a daugh/ter to the Mer/man bhe bears/. 

8. Agne/te bho bat/ at cra/dlo and sang/ : 

Then heaib/ she in En/giand the clocks/ as they clang/. 

9. Agne/to bhe goes/ before,* the Mer/ man to stand/ : 

“ And may/ i but once/ go to kirk/ on land ? ”/ 

10. Oh, yes/ indeed/, that well/ may fall/. 

If thou seek’bt/ here again/ thy chil/dren small ”/, 

11. Yes, tru/ly and of sure/ty them seek/ will 1/ : 

TherS lies naught/ in the wi/dest earth/ my heart/ so nigh ”/, 

12. “ But when/ thou now/ in the hark/ shalt go/. 

Thou shalt not/ deck thy bo/som with gold’s/ ruddy glow/. 

13. when/ thou stepp’bt/ in the kirk-/yard there/, 

* Then must thou/ uot shake free/ thy love/ly gol/den hair/. 
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14. “ And when/ thou ti“ea/de>t the hoube/ of wta pons in/. 

Let thy lii^s/ ’noath thy cra/moisy in no/ ftmiliny t\un/. 

J5. ** And when/ thou setts* t/ on Idik-floor/ thy teet/. 

Must thou not/ turn aside/ to thy mo/thor’s dear heal/. 

1(5. “ And when named/ by the priest/ is tiu^ Higli/est, / 

Soe thou/ in no bend/iiig compli/ost.” / 

17. But now/ when she iu/to the kirk/ should go 
She decked/ heiseli/ with gold*?./ rudd\ glow/. 

18. And when/ she had stepp’d/ in kirk-Zyaul then*', 

Agne/te shook tree/ hei lo\(‘/lv gol/'don haii 

19. And as/ she btepp’d/ the house/ ot woa 'i_)ous in 

With smi/ling ’neath cra/moisy her Hpa/ did she U\in/. 

20. And when/ she on kiLk-/flooi set/ her feet/, 

Agne/to wont in/ to hei mo/ihei’s dear seat/. 

23. And when named/ by the piiesl/ was the Ho^h, / 

Her bo/dy she ben/ded low/l\ . / 

22. Then whis/peiod low* her mo /t her, who stood/ inll near/ ; 

“ Agne/te ! Agne/te I v lienee co/mest thou heie ’/ 

23. “ Agne/te ! Agne/te ! dear daugh/ter ho mild !/ 

Where/ hast thou tai /vwd these years/, my child V 

24. “ Where/ hast thou tar/ried so long/ a lime ? ' 

And why/ is th^ cheek/ as the win/ter rime ? **/ 

26. My dwel/ling stands/ in o/ccan’s gieen growth/ , 

And there/ hai^e I gi/veu the Mer/man my troth 

20. There/ shines no sun/ as here/ so bright/ly, 

Thero/foie my cheeks/ aie blan/chdd so white '1\ . 

27. “ Me/ von good sons/ in's arm/ have I laid/. 

The eighth/ one deal/ is so lin/^ a maid "/. 

28. “ AVhat gift/ tlid the Mei/man on thee/ bestow ' 

When th> / biide-tos/lal W'as held/ below ? "/ 

29. “ Me/ he ga\ e/ five eir/clets ot gold/. 

And tlierein/ Jay both ro/ses and li/lies untohl '. 

30. “ And iiu‘/ he ga\e/ the gol/flen red band/. 

The (pieen/ herself/ no liel/ler ina;> bind/ on h(‘r Jund/. 

31. “ And m<y he ga\(‘/ the gold-/ buckled shoe/. 

The queen/ heiself^ no Ind/ter on toot/ ever Jentw/. 

32. “ And me/ he gave-/ a gold-framctl haiqi/. 

To play/ on if sor/row should sting/ me sharp/. 

33. “ But now/ will I dwell/ on the green-/growing shore/. 

And no/ver will/ I down/ to the o/oean more ”/. 

34. They deemed/ them alone/ and that none/ else knew/. 

But near/ stood the Mei'/man and hear/kened thereto/. 

36. The Mer/man he trod/ the kirk-door/ -way within/, 

AH/ the ho, ly i/mages they turned/ themselves/ from him/. 

36. As pu/rest gold -/glimmer so/ waa his hair/, 

His sor/row of heart/ in his eyes/ lay bare/. 

37. ” Agne/te ! Agne/tc ! come to o/cean with me !/ 

For the small/ tilings, ihy chil/di*on, long/ for tliee*'/- 
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38. Yea/, let them loiiu;/ for ni<‘, while Iona;/ th(‘y will !/ 

They ne/ver again/ arms/ shall till ”/, 

39. ‘‘ Oh think/ of the stur/(l.\ ! aiwl think/ of the Hinall !/ 

The dear/ in the era/dle, think of her/ most, of all I *’ f 

49, ‘‘ Nay, ue/ver will/ I think/ of llunn, stur/dy ones or Minnll/, 

Of her/ in the era/dle will I think/ h'asi of all ”/. 

41. The jVler/inan u})lif/ted his/ right Kami/ ; 

“ Dale/ and dark/tt<‘wi he on all/ th(‘ land ! ”/ 

42. Dark/nesH came/ and hea/v> cloud/, 

They lay/‘on the mead/ and the town/ a Hhroiicl/. 

43. The dule/ and the dark/uess blind/ her, / 

Agne/to no way/ can thwl/ her. / 

44. She x)iii’/posed to have has/ie<l o/ver green-/gi’owing shore/, 

Then took/ she the path/ to o/eean’s floor/. 

45. She pur/poHed to have haB/led to her mo/thor’s home/, 

Then took/ she the path/ to o/cean*H foam/. 

45. “ 0 wol/come, Agi\e/te, to the bil/iow\s blue day !/ 

Yet no/ more on/ the grecn-/A^’9wing earth/ shall then Rtra\/. 

47. “ No more/ shalt thou/ e’er sti'ay/ on the green-/growing short*/. 

And gaze/ upon/ thy cliil/dren, tho small/ tilings ! no mow/. 

48. But here/ sholt thou sit/ on tlie gra/nite’s hard stones/, 

And here/ mays! thou dal/ly with dead/ men’s bones/. 

49. “ One thing/ to thee/ 1 spare/, thy liavp/ of red gold/, 

To mur/mur tho grief/ thy heart/ shall hold ”/• 

30. Men heard/ a sad mur/mur in woocU/land’s green ways/ : 

Smjiiig tlie birds are. 

.:Vgne/to her harp/ in o/ceaii plays/. 

Lovely Agnete/ 

This ballad was very widely known and loved. At the time Grundtvig was 
compiling bis collection, in the uiueteeiitb century, it was still sung in all 
parts of Denmark, in Norway, Sweden, 'TTortb Germany, and tbe neigh- 
bouring Slavic lands. It often concludes at tho 4()t]i stanza, where 
Agnete refuses to return with the Merman ; when continued, the part 
from stanza 41 onwards varies considerably in different countries. The 
47th stanza has a keen dramatic touch ; an exclamation of pity rises in- 
voluntarily to the lips. Beauty and pathos well from these two-linod 
stanzas, rugged as they are ; and it is evident that here the story is all-iu- 
— the Procrustean spirit has not yet become suflSciently powerful to 
fetter the thoughts springing directly from the heart, and uttered with the 
heart at the bps. But it is with the metrical form that we are at present 
concerned. The name Agnete has been retained in the translation as more 
conformable to the metre. The stanzas are the simplest possible — ^merely 
one verse of two lines, being the simple single thought broken into its two 
parts. Yet the ** type ” has even here so far evolved that the whole 
of the stanzas at least suggest it. Occasional versesr appear absolutely 
unmetrical, yet in all can be seen the germ of the eight-stressed verse, the 
Bomance. Stanza 5, when falling from the lips of simple singers, would 
stffl, probably, be a ten-stressed verse, as indicated by the division into 
units in the foregoing translation. To obtain conformity to type, the 
second unit of the first line and the second unit of the second line, contain- 
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iu^ respectively fom* tiiid 6ve syllables, would have to be “ reduced ” by 
tlie takiiig-away of a certain number of syllables. This process would be 
so simple that it is cjuite evident that the reciters as yet felt no necessity 
to reduce either the luuiibev of stresses or the numbei’ of syllables — ^that 
is to say, the “ form,” whilst it was in course of development, had not 
begun to obtrude — detrition was going on, but unconsciously. In the 
verse under consideration its structme is more conformable, as under : — 

(30rt.) Ho clo/fadd hov ears/ and licr mouth/ covered o'er/. 

Then down/ through the o/oean the maid/ ho bore/. 

It is not lor one moment intended that this were any improvement what- 
ever ; it is merely intended to show that the reciters had not yet become 
self-conscious as regards type. Li the fifty verses, or one hundred lines, of 
wliich the whole poem is composed, there are thiity-five units of four 
syllables, and one of five syllables, the most remarkable example being 
tile second line of the 35lh stanza : — 

(3()&.) 1. All/ the ho/ly i/mages they turned/ themselves/ from him/. 

Given its due stresses, this line becomes a full Ballad verse : — 

2. .Ml/ the ho/ly i/ma^»es/ they turned/ themselves/ from liim/. 

The full stanza might almost be regarded as a very crude eminyo of the 
Dowsabcl stanza : — 

3. Th(‘ Mer/man trod/ the door/ witliin/ 

But all/ the ho/ly i/mages/ 

They turned/ themselves/ from him/. 

Stanza 26 is alone in being a feminine Eomance verse. The verses so far 
noted are those tending to exceed or actually exceeding the average verso 
of the type. There ai*e three verses that fall below the average, resolving 
themselves into feminine Nibelungen : these are contained in stanzas 16, 
21, and 43, and their effect is most pleasing and characteristic. As regards 
the free blending of duple and triple units (the quadruple have already 
been noted), attention need only be directed to stanzas 4, 10, 26, 28, 29, 
and 42 as typical instances. 

As two utter conbrasts in British treatment of tins beautiful ballad, 
attention may be <*alled to Eobert Buchanan’s quatrains in his “Ballad 
Stories” published in 1869, and Matthew Arnold’s exquisite adaptation, 
“ The Forsaken Merman.” 

9. As the stanza-form of “ Agnes and the Merman ” is of the simplest 
kind, it is possible that the verses were varied as independent members, no 
connection being felt between any one verso and the one either foregoing 
or following — that is to say, no fonml connection. A few examples may 
therefore be quoted of stanzas that have advanced considerably in their 
formal development, stanzas that are built up of two verses, or four lines, 
and whose verses show decidedly that the Eomance verse had shortened 
to the Ballad. Again the examples are fi'om an old Danish ballad in 
Grundtvig’s collection — Svend Svejdal.” The stanzas chosen are not 
all consecutive, their places in the ballad being indicated by the number 
prefixed before each one : — 

(31.) 4. No/ver thou/ in sleep/ Fshalt slum/ber, 

Nor c/ver rest/ shalt gain/, 

Till thou/ hast loosed/ the sor/rowful-heart/ed, 

Who ma/ny days/ in fet/ters has lain/. 
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8. Stood/ th(‘ youth/ful SvejAl.i.1, 

He laised/ his voice/ m eall/jiii* : 

The walls/ of rock/ wore rent/ asiui/der, 

Tho moun/tain <iui/vere(l as/ 'Iwere tiill/iiii». 

14, n now/ I must/ iirouhe/ mo / 

IVom sleep/ aiul IrAiiee/ abi/dim», / 

Thou/ on ways/ tnll ma/ny / 
vSoon/ shall lorth/ he ri/dmt*. / 

17. Yot/ shall J j;ive/ thee the iinu/ of rtsl 4 old/, 

Upon/ thy hand/ it shall £»low/ then : 

Once/ thou hast loiiml/ her thy mai/den hii»li-boni/, 

Thyself/ she shall full/ well know/ then. 

28. Ll/on and/ the un/lamed boar/ 

They stood/ and the door/ detcn/ded ; 

xVnd ne/ver li/ving man/ might en/ter therein/, 

Sa/ving young Hvej/dal him/ betrien/ded. 

48. Now has/ the youth/ful Sve)/dal / 

O’er come/ both fear/ and pain/ that encuin/ bored, 

Nor fot/tor they/ tho mai/don high- bom/, 

Eull deep/ at his side/ she slum/ bered. 

Oood heed of thy speech have ! 

Most observable is the great variety of the rhythni ; duple and tiiple units 
do not meet in antagonism, tliey blend in liarmony. In stanza 4 tlio 
Ballad returns to full Eomance, unless a unit of four syllables, witli a minor 
mid-stress, be admitted as the second unit ot the last lino. In stanza 8 a 
feminine Nibelungen (similar to stanzas 16, 21, and 43 ol Agnes and the 
Merman ”) is foUowod by a fomiiiiue Bomance. 8tanza 14 is composed of 
two duple feminine Nibelungen verses, and contrasted with these aie tho 
verses of stanza 17, which are almost full triple feminine Ballad. In 
stanza 28 the first half of a Romance verso contains a quadruple unit 
which would, were its due mid-stress allowed, make a line of five stresses, 
followed by one of four ; in fact, a nine-stressed Romance verse would 
result. To British ears these heavy verses will sound unnatural, and 
unmusical, if not harsh ; yet they are of value — apart always from their 
undoubted natural beauty and delightfuluess— as illustrations of types of 
verse through which our own smoothest (and often too smooth) ' Ballad 
poetry has passed. Nor have they yet lost their pristine melody to tho 
folk of the lauds wherein they were cradled. Moreover, may we not in our 
own beloved psalms (unmetrical, save tho mark !) find four, five, or more 
words huddled together about a single stress I Tho struggle against con- 
formity to type must ever have been sharp, and it certainly was long- 
continued ; but wheresoever there was poetry there was, irrespective of 
the “■ form,” imperishable beauty ; and it is this very immortality of 
loveliness that has preserved so many of the crude med^ia through which 
the divine light passed from man to man, from age to age — one might 
almost say from everlasting to everlasting. The myriad-man caught the 
cry of the struggle : he spoke of either the Romance or tho Ballad when 
he spoke of the 

• . . stretch^ metre of an antique song : 

and of a surety he refers to the struggle between the two in the Mid- 
summer Night’s Dream.” 

Quince, Well, we will liave such a i)rologue ; and it shall be written 
in eight and six. 

JScUom, No, make it two more ; let it be written in eight and eight. 

A Midsummer Nig^*s Dream,” HI, i.) 

Two lines of eight and six (syllables) is Ballad ; eight and eight, Romance. 
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10. To return again to the Do\\&abel stanza, it is probable that its full 
development cannot be tiacod in Britibli poetiy ; it possibly began its 
evolution in France — 'Warton derives it Irom the Ficnch chansons.* Its 
source may lie in the san'e tount Irom v hence flowed the Latin hymns of 
Adam of St. Victor and otheis, having relerence to hymns of similar sub- 
structure. The following is bom one by Adam of St. Victor : — 

(3:^.) \'erbi vero subbtautivi, 

Caro cum bit in tkclivi 
Tompons aiigustia, 

In acternis \erbum annis 
Permanere nos Jolianms 
Dooet theologia. 

This stanza has been translated by Dr. Neale (incorrectly according to 
Archbishop Trcnchf) as follows : — 

(32n.) That aubstaiithe word, united 

To the ilesh, and therein phghted 
To a Idc ot mi*sciy sore, 

Him to be th(‘ Coetcrnal, 

.John's theology supernal 
Testifieth evermore. 

These hymns swell into yet fuller srauzas : The following, again, is by Adam 
of St. Victor : — 

(33.) Jncuudare, plebs hrleJis, 

Oujufe Pater est in coelis, 

Rocolcns Ezochielis 
Prophetae praoconia : 

Est Joannes testis ipsi, 

Bicens in Apocalypfli, 

Veio vidi, vere sevipsi 
Vera to.stimonia. 

In this stanza the insertion of a half-verso in each section has converted 
the irregular Dowsabel stanza into one perfectly regular. ^Vhilst the 
language of these hymns may bo no more than dog-Latin, they have a 
sonorous, majestic sweep of rhythm. The metre of Poe’s "‘Raven ” is based 
on No. (33). AVithout authentic specimens of its early forms, it is perhajis 
unprofitable to speculate as to the actual origin of the combination that 
results in the irregular Dousabel stanza. The change from the abrupt 
(trochaic) fonn of the Latin hymns to the ordinary duple (iambic) of 
British verse is due to the synta<*lic construction of the language, but 
the actual fonn of the stanza is the result of metrical forces. It is hardly 
possible that it was derived from the hymns themselves, as they, when 
occurring in the form of No. (34), are composed of four-stressed lines 
throughout — as though in ea(‘h half of the stanza two Romance verses had 
been “ telescoped,” not a Komaiice and a Ballad verse as in the Dowsabel 
stanza. 

11. In paragraph 5 of this section reference was made to thoughts 
which exceeded or feU short of the average verse. In Ballad metre the 
verses may lengthen regularly to Romance, or contract to Nibelungen or 
Alexandrine. In the old Danish ballads examples have been given of 
verses lengthening even beyond the Romance ; but in only one example, 
No. (306), 1 to 3, was there even an embiyonic indication of an apparent 


* Warton’s “History of English Poetry,” as before, p. 29. 
t “ Sacred Latin Poetry,” p. 71. 




640 


Transactions, 


irregularity that has devolopocl to a legukr type. It is coiKtnvablo that 
a Ballad or Romauce verse might need co3isidor,il)le extension, yet not so 
as to equal two verses, to be able lo express certain tlunights, and it is 
also roneeivablo that during a cerrain period o1 lh(‘ evolution ol inetie tlie 
verse would be lengthened lo suit the Ihougbl lather than the thoiiglit 
cramped to suit the verse. There aie many exampl(‘S among tliose given 
that show this eoueoptiou to be leasonable. The British ballad of “ Sir 
Gauline ” gives examples ot “ regular irregularities 

(34.) Faire Chribtahelle, that laclyo l)right, 

Was had lortho of the towre ; 

But ever alio droopeth in her myndo, 

Ah nipt by an ungentle winde 
Doth some faire lillye llowre. 

(Patt li, siauza 0 ) 

The thought expressed in the last three lines of the stanza is one of con- 
siderable beauty, and it can well be imagined that poet and hearer alike 
would rather suffer violation ot the form than loss of the tliought. As 
regards the metrical construction, one of two things may have tak(‘U ])lace : 
a half-ver*so of tour stresses may have been added, or a half-verse of thr(‘e 
stresses may have been dropped. There is, of <*ourse, another possible origin, 
but of so ancient date as to be imdiscoverable in British poetry. The vital 
question is, will the three lines bo spoken in a breath ? The two first cer- 
taiiily are : what dificrence will be made by the presence of the interloper ? 
Reading aloud having fallen into disfavour, opinion will vary ; some will hold 
that a breath will be taken after “ mynde,” of the third line, as w'cll as after 
towre,” of the second. Refer back, however, to the verses quoted in No. (2) 
of this section, part of “ The Lady of the Lake.” Will it be denied that in 
almost every instance in this quotation tivo lines are taken in a breath, and 
easily taken ? It is quite possible to take all tliree lines of the second part 
of the stanza from “ sir Gauline ” in oJie breath ; with many it is quite an 
easy matter to do so ; and if easy now it would presumably bo much more 
easy at a time when the recitation of verse was the rule, and reading the 
exception. Be it noted, moreover, that whilst this exceptional construction 
has, like all other vigorous variations, been taken and made an actual type 
in some instances, as a rule the construction occurs as an occasional, not 
as a constant, variation in Ballad poetry ; occuning occasionally only, 
the breath can quite easily make the extra effort required to give utterance 
to the extra length of veise. A curious instance of the length to which 
this construction will be earned out on paper occurs in Burns’s ‘‘ Battle 
of Sherramuir ” : — 

(36.) But had ye seen the philibegs 

And tartan trews, man. 

When in the teeth they daur’d our Wliigs 
And covenant trueblues, man I 
In lines extended lang and large. 

When baig^nets overpower’d tfe targe, 

And thousands hasten’d to the charge, 

Wi’ Highland wrath they frae the sheath 
Drew blades of death, tUl out of breath 
They fled like frighted dows, man ! 

The reader, too, is out of breath after reading this amazing stanza. The 
first four lines (two verses) are easily taken in two breaths ; then, inveigled 
by the rimes, the reader is induced to attempt the remainder of the stanza, 
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six “ lilies extended lang and large,” in two breaths also. In Sir Cauline ” 
the stanza preceding the one quoted, No. (34), is differently constructed : — 

(Sa.) Vll woe-begone was that knight 

To part ti*om his ladye ; 

\n<l many a lime he sighed sore 
And east a wistful ey(‘ : 

“ Paire Christabelle, trom thoe to parte 
Fain’c lever had 1 dye.” 

Here a full verse takes the place of the half*verse of four stresses. The 
stanzas can, of course, easily be made similar : — 

(36flr.) All woe-begone was that gentil knight 
To part from his lady6 ; 

He sighed sore with many a smart, 

“ Taire Ohtistabelle, from thee to parte 
Farre lever had 1 dye.” 


Seeing that the three-versed stanza required three breaths, it may be con- 
tended that, tliough half of one vei*s(* has been dropped, the residue of that 
verse should still retain its breath, and that the shortened stanza should 
receive the three breaths. As pointed out in Scott’s couplets, however, 
two riming lines are taken in a breath ; moreover, stanzas such as the above 
were often printed in this way : — 


(37.) This mayden in a morne betime > 

Went forth, when May was in her prime, j 


To get sweet cetywall, 


The honeysuckle, the harlocke, 
Tlu‘ lilly and the lady-smocke. 


To deck her 


summer ball. 


And so also — 

(38.) Alone walking | 

In thought plaining < all desolate. 
*Vnd sore sighing I 


Me remembering 
Of my living, 

My death wishing 


both early and late. 

(Ohavcer, “ Virelai.”) 


The brackets now absolutely couple all that is taken in a breath. If it be 
held that two breaths are required, where are the verses to be broken ? 
If the couplets be broken, the rule observed in Scott does not hold here ; 
if the couplets bo taken together, the short line is absurdly isolated ; but 
if each group be taken in a breath, a smooth, agreeable stanza results. The 
same holds with the triplets of No. (38). The reader should perhaps be 
reminded that the question at issue is not how poetry should be read aloud, 
but what constitutes the verse-unit. Axid the verse-unit is practically 
synonymous with the breath-unit, the average length of verse read on one 
breath. 


12. The half-Dowsabol stanza quoted from “ Sir Cauline ” may be 
still further extended by the addition of an extra unit to the first, third, 
and fourth lines : — 

(39.) To-nmht this sunset spreads two golden wings 
Geaving the western sky ; 

Winged too with wind it is and winnowings 
Of birds ; as if the day’s last hour in rings 
Of strenuous flight must die. 

(£>. Rossetti, Sunset Wings.'*) 

A complete change of metre has, however, taken place. lines containing 
five stresses are blended with lines of three stresses (6r four stress-units) ; 
21— Trans. 
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two different types j.re brought together. The extreme rarity oi this 
blending is sufficient indication that the two are practically different species, 
and the blending is therefore unnatural. The five-stressed lines are Heroic, 
and the Heroic is foreign to the Ballad (see Section IV of this chapter). A 
quite different result is brought about if a unit be dropped from'the five- 
stressed lines of Rossetti’s stanza : — 

(39a.) This sunset spreads two ;?olden win^ 

Geaving tho western sky ; 

Winged too with wind and winno wings 
Of birds ; as if the day in rings 
CH strenuous flight must die. 

The metre is sensibly altered ; it has been metamorphosed to the singing 
Ballad, or Lyric, from the declamatory Heroic. 


Section I!f, 

1. It is now desirable to show how the “ verso-uiul ” may bo taken .is 
a guide for the classification of British poetry. The “ type ” is a verso oi 
eight stress-units, (>r their temporal equivalents. Tho usual forms of tho 
verse-unit assumed by tho type are four : — 

1. Romakci] : \ verse of eight stresses, duple, triple, or quadruple 

2. Ballad : „ seven „ „ „ „ 

3. Nibeltogbn : «ux „ „ „ 

4. Alexandeinb : „ sslX „ „ „ 

Divided, the verse-units are as follow (ordinary duple— or iambic — only 
being set out) : — 

1. Romance : 

2. Ballad: / 

3. Nibblungen: / 

4. Alexandhinb ! / 

In verse-imits 2, 3, and 4 the final stress-unit is a blank as regards articu- 
lation ; it is used for taking the breath. The tem'poral length of all four 
verse-units is, therefore, comparatively equal, the inequality being caused 
through the inability of an inaudible pause to assert itself. In the Romance 
verse it was necessary to take the breath after the fourth stress-unit and 
before the first of the following verse ; the result was a shght natural 
pause, and this pause still makes its presence felt at all vcrso-en<£ng8. 

2. In each of the four verse-units certain regular, as well as certain 
irregular, variations occur. The irregular variations consist of expansions 
of duple stress-units to triple, or contractions of triple stress-units to duple, 
and the arbitrary mingling of both. Examples have been given from old 
Danish ballads in Section II of this chapter, paragraphs 8 and 9. Two 
stanzas of Shelley’s Sensitive Plant ” may be given here 

(1.) A sen/sitive plant/ in a gar/den grew/, 

And the young/ winds fed/ it with sil/ver dew/. 

And it o/pened its fan-/like leaves/ to the light/. 

And closed/ them beneath/ the kis/ses of night/. 

And the Spring/ arose/ on the gar/den fair/, 
lake the Spi/rit of Love/ felt e/verywhere/ ; 

And each flo/wer and herb/ on Earth’s/ dark breast/ 

Rose/ from the dreams/ of its win/try rest/. 


(Pait 1 , btaozas 2.) 
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The blending is best heard by the ear when the words are given ; it is best 
seen by the eye when the syllables are represented by dots, as follows : — 


■/. 

•/. 


• •/ 

2, 3, 3, 2 syllables 

•/ 



• 7 

3. 2, 3, 2 


./ 


• 7 

3, 3, 2, 3 ,, 


•/ 


■ 7 

2, 3. 2, 3 

•/ 



-7 

3, 2, 3, 2 syllables. 

./• 

•/ 


• 7 

3, 3, 2, 2 „ 


•/ 


■ 7 

3, 3, 2, 2 


■/. 


• 7 

1, 3, 3, 2 ,, 


These irregularities are too uncertain to be taken as any index to varieties. 
The alteration of duple and triple units follows no perceptible rule, but is 
altogether dependent upon the individual inclination of the writer. The 
regular variations occur at the opening of the verse and at the two chief 
" pause-divisions.” They occur with most perceptible and defimte fre- 
quency in the rh3rthmic breath-pause following the verse-end, and with 
less frequency and less deiSniteness at the mid-verse, or line-^nd.. Variation 
at these two points is also dependent upon the inclination of the writer, in 
so far as he is at liberty to employ them or not as he pleases ; but should 
his first verse show a certain end-variation, the metrical balance almost 
demands that the same variation ‘shall be present in the following verse, 
and is more satisfied if the variation is repeated in every verse in the stanza. 
For instance, when Byron wrote — 

(2.) The serpent of the field, by art 

And spells is won from harnung ; 

But that which coils around the heart, 

Oh ! who hath power of charming ^ 

It will not list to wisdom’s lore. 

Nor music’s voice can lure it , 

But there it stings for evermore 
The soul that must endure it. 

('* All IS Vaiuty, saitii the Pieachei/* stanza 3 ) 

— he introduced a variation m the first verse by addmg to it a syllable, 
such syllable falling within the breath-pause, and constituting a “ feminine ” 
ending. Having done this, he was obliged to employ the same variation 
in the second verse ; and, whilst metro did not dema/tid it, his rhythnoic 
sense led him to employ it in the third and fourth verses also. The same 
verses are repeated without the repetition of the variation in succeeding 
verses : — 

(2/7.) The bcrpent ot the field, by art and spelh ib won from harming ; 

But that which coils around the heart, oh ! who hath power to charm ^ 

It wiU not list to wisdom’s lore, nor music’s voice can lure it ; 

But there it stings for evermore the soul that must endure. 

The break is at once perceived, and the ear demands the restoration of full 
harmony by the repetition of the variation. The variation at the mid-verse, 
or line-end, is seen in Landor’s 

(3.) Graceful Acacia ! slender, brittle, 

I tlunk I know the like of thee ; 

But thou art tall and she is little — 

What God shall call her his own tree ? 

Some (^d must be the last to change her ; 

From him alone she will not fiee ; 

0 may he fix to earth the ranger. 

And may he lend her shade to me I 

(No 'vi of TTie I Flint off an OM Trct* *') 
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He has added a syllable to the fii‘sfc line, such syllable falling m the mid- 
pause of the verse ; but the hearer is not conscious of the same demand for 
the repetition of this variation, and the stanza could as well have run,— 

(3o.) Graceful Acacia ! slender, brittle, I think I know the like of thee ; 

But thou art tall, and she is small — ^w'hat God shall call her his own tree 
Some God must be the last to change her ; from liim alone she will not Hoc ; 

0 may he fix to earth the maid, and may ho lend her shade to mo I 

Nevertheless, the fact that the poet repeats the varintioii is suiHcicut 
indication that there is a degree of expectancy ; and, if repeated, this 
first repetition creates a demand for the second. When pres<Mit at th(* 
beginning of the verse the variation consists of the drop]>iug or ividing 
of syllables in the first unil. If the metre be ordinary duple, th(‘ natural 
metre, the dropping of one syllable makes it “ abrupt (trochaic), and it. is 
usual, though by no means obligatory, to continue it as abrupt. If the 
metre be triple, the dropping of two syllables mak(‘8 it abrupt (dactylic) » 
whilst the dropping of only one syllable simply gives it an ordinary duple 
opening; and this is the common opening of triple measures. There is 
not quite the same demand for regularity in the opening of a verse as in its 
close, for which fact the rime is responsible ; in the example from Shelley’s 
Sensitive Plant,” No. (1) of this section, the verses open either in duple 
or in triple units, and the poem contains many verses with abrupt opening. 
If a poem be regularly duple or triple, however, it usually continues as it 
begins ; if it opens ordinarily, it will be ordinary throughout ; if abruptly, 
it will be abrupt throughout. 

3. These three regular variations, then, arc taken as the index of 
" varieties ” in poems. The verse-end variation, as the most important, 
distinguishes the varieties ; the beginning-variation and the mid-variation 
distinguish subvarieties. The duple unit being taken as the natural type of 
unit, 'Sie natural Romance verse will be a duple verse of eight stress-units : — 
../ ../ ../ ../ ../ ../ .,/ ../ 

This, expanding in all units, may become full triple : — 

Here each dot represents a syllable ; the bars divide the verso into its 
constituent stress-units, every syllable preceding a bar bearing a stress. 
It will be remembered that whilst the stress-units may be unequal syllabic- 
ally, they are equal temporally. The natural Romance verse may expand 
to the fidl triple by three different intermediate stages : — 

(1.) {2, 2, 2, 2 ; 2, 2, 2, 2) (Normal). 

(2.) ^ (2, 3, 3,3; 2, 8. 3, 3) 

(3.) (2, 3, 3, 3; 3,3, 3,3) 

4. (3, 3, 3, 3 ; 2, 3, 3, 3) 

(6.) (3, 3, 3, 3 ; 3, 3, 3, 3) 

No. (1) is ordinary duple, every unit containing two syllables, as indicated 
by the fi^es on the right ; No. (2) is duple in the first unit of both half- 
verses, triple in the remainder ; No, (3) is duple in the first unit only ; 
No. (4) is duple in first unit of the second half-verse only ; No. (6) is triple 
thxou^out. These variations may appear very s]i|ght, but they are regular, 
and they form the basic verse-unit of entire stanzas, examples of which 
follow : — 

(1.) 0 they/ rade on/, and far/ther on/, the steed/ gaed swif/ter than/ the 
wind/ ; 

Until/ they reached/ a de/sert wide/, and li/ving land/ was left/ be- 


C* Thomas the Bhymer/* stcucuEa 9.) 
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(2.) My heart V m the High/land^, my heart/ is not here/, my heart’s/ in 
the High/lands a-oha/bing the doer/, 

A-oha/sing the wild/ deer and fol/lowing the roe/ — my heart’s/ in 
the B5gh/land& where/ver I go ! 

(R. hums “ My Heart’s In the Highlands.”) 

(3.) Twelve years/ have elapsed/ biuoc I last/ took a view/ of my fa/vourite 
field/, and the bank/ whore they grew'/ ; 

And now/ in the grass/ behold/ they arc laid/, and the tree/ is my 
seat/ that once/ lent a .shade/. 

(ir Cotrpei, " UliP Poplars,” stanza 3.) 

This staiizil is doieetive in so lar that it contains two duple units — ^tho third 
and the sovcntli in the second verso. The more usual form of the stanza of 
this typo is the one following - 

J bdw/ from the beach/, wdion the inor/iiiug was shi/iiina:, a bark/ o’or the 
w'a/ters mo\e glo/iionsly <m/ ; 

r came/ when the sun/ o’er the beach/ was rkKili/mng, the baik/ was still 
th(‘ro/, but the wa/ters were gone/. 

(T. Moote, ” 1 fiom the Boaoh,” btanza 1.) 

(4.) Like the bright/ lamp that shone/ in Kildare’s/ holy fane/, and 
burned/ through long a/gos of dark/ness and storm/, 

Is the heart/ that sor/rows have frowned/ on in vain/, whose spi/rit 
outlives/ them, unfa/ding and warm/. 

( Erin, 0 Erin I thus bright through tho tears of a long night of bondage 
thy spirit appears.) 

(T. Ulooret ” Eiin, O Erin,” stanza 1 ) 

The above stanza has one intruding duple unit, the second of the second 
verse. 

(5.) The *\Bbyr/ian came down/ like a wolf/ on tho fold/, and his co/horts 
were gleam/ing in pur/ple and gold/. 

And tho sheon/ of their spears/ was like stars/ on the sea/, when the 
blue/ wave rolls night/ly on deep/ Galilee/. 

{Lord Byron^ ” The Dwtructiou of St‘imacheiib,” stan/a 1 ) 

This stanza takes a slightly different form when the first half-verse is given 
a feminine ending : — 

Prom tho brown/ orost of Kew'/ark its sum/mons exten/ding, our sig/nal 
is wa/ving in smoke/ and in flame/ ; 

And each for/rest er blithe/, from his moun/tain de.sccn/dmg, bounds 
light/ o’er the hea/ther to join/ in the game/. 

(Sit ir. i>cotU **Tho Baimei of the House of Buecleucli,” stanza 1.) 

Besides thus expanding to triple, the duple unit may expand to quadruple, 
so that between Nos, (3) and (4) the following verse should come — 

(3o.) (2, 4, 4, 4; 4, 4, 4, 4) 

— which again may be varied by differences in the fifth unit : this unit may 
contain, two three, or four syllables — three variations. This verse is, 
however, of extremely rare occurrence, and whilst it need not, perhaps, be 
included in the scheme of classification, its position may be indicated. A 
specimen of the verse may be given : — 

(3c,) I bless/ them but I’m sad/ for them — wish/ I could be glad/ for 
them, for who/ alas ! can tell/ me tho fate/ that shall befaU ?/ 

The flow’/rets of the mor/ning, the green/ wood path ador/ning, may 
be soat/ter’d ere the noontide by the wild/ wind’s sudden call/ ; 

(C. Mackay, ** Blowers and Children,** fllUi line from opening.) 

The above has two triple units, the seventh of the first verse and the third 
of the second verse ; but, indeed, this quadruple type of verse is seldom 
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perfect. Then, following No. (6) should come the quadruple verse with 
triple opening : — 

(5c.) 

This verse, again, may vary at the mid -pause by having two, throe, or four 
syllables, making other three variations. This met.n' is more frequently 
met with than (3a), yet is comparatively rare, at least in tlu‘ better class of 
British poetry. The variations in the quadruple verso may be tabulated : — 

(3a.) (2, 4, 4, 4; 2, 4, 4, 4) 

(35.) (2,4, 4, 4; 3, 4, 4, 4) 

(3c.) (2, 4, 4,4; 4, 4, 4, 4) 

(6a,) (3,4.4, t; 2. 4, 4. 4) 

(65.) (3.4.4, 4; 3, 4, 4, 4) 

(5c.) (3 4,4,4; 4, 4, 4, 4) 

An example of {3c) has been given ; the following illustrate other of the 
variations : — 

(3f/.) And how/ the happy Earth/, growing young/ agam in nurth/, has 
prank’t/ horbelf in jew/els & do ho/nom* to the day/ — 

(Jt gold/ and purple bright/, of a/zure and of while/ ; her di/adem 
and brace/lcts, the mea/dow-floworb of May/. 

(C, Mackaift ** *Tls Merry m lUe Mead,” p«ut ot stanza 2.) 

This has a triple and a duple unit in the first verse besides the duple unit 
at the opening, whilst in the second verse it has a triple and two duple imits 
besides the duple unit at the opening. As noted in (3c), the type is seldom 
perfect. 

(65.) Every mo/tion of the ves/sel, over;y dip/ of mast or bpar/, is a dance/ 
and a rejoi/oing, and a pro/miso from afar/ ; 

And we love/ the light above/ us, as it tips/ the waveb around/, all the 
more/ because, ere eo/ming, it has beam'd/ on English ground/, 

(0, 2iJaekn\i, “ Rolling Home,” iMut of stanza 3.) 

(5c.) And the bush/ hath hriendb to meet/ him, and their kind/l> voices 
^eet/ him in the mur/mur of the bi*ee/zeb and the ri/ver on 
its bars/, 

And ho bees/ the vision &plon/did of the bun/lit i)laiub oxten/ded, 
and at night/ the wondrous glo/ry of the e/verlasting stars/. 

(A, B. Pttte)8oni ” Claney of the Overflow,” stanza 4.) 

Thoi*e’b a cry/ from out the Lono/linesb— Oh lis/tou, Hout‘,\, lis/ten I 
Bo you hear/ it, do you fear/ it, you’re a-hol/ding of m(‘ so 1/ 

You’re a hob/bing in your sleep/, dear, and your U/whes, how they 
gli/sten— do you hear/ the Ijittle Voi/ces all a l)og/ging me to go V 

(R. PT. Service.) 

There may be a further variation of the quadrupl(» verse : it may open with 
a quadruple unit. No example of this has beiMi noted, howtwer. Should 
it be found, its place will fall naturally after (5c). 


4. The verses exampled in the foregoing paragraph may vary in yet 
two more ways at the mid-pause — that is to say, in the fifth unit. This 
unit may contain either one syllabic only, or it may contain one syllable 
more than the normal number contained by the units of the verse. In the 
former instance the second half -verse opens abruptly ; in the latter instance 
the first half-verse has a feminine ending. 



(2. 2. 2, 2; 1.2, 2. 2) 
(2, 3. 3, 3 ; 1, 3, 3. 3) 
(3, 3. 3, 3 ; 1, 3, 3, 3) 
(2, 2, 2,2; 3, 2, 2, 2) 
(2,3, 3,3; 4,3, 3, 3) 
(3, 3, 3,3; 4,3.3, 3) 
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The variations (6), (7), and (8) are of very infrequent occurrence ; they 
occur chiefly in isolated verses, not in complete stanzas. There appears 
to be a repugnance for an abrupt second half-verse to follow a half-verse 
with ordinary duple or triple opening. No example of No. (6) has been 
noted ; the following verse shows the structure, but is rendered imperfect 
by the triple unit : — 


(0.) The clraw/bridgo tails/ — they liur/i\y out f — c*lat/t(‘is each plank/ 

and swill /{* ini* chain 


(Acott, (adiow Castle," stan/a 11 ) 


The verse would be conformable were the each ’’ omitted : — 


(Off.) The draw/bndge falls/ — tho’v hnr/n out/— clat/ters plank/ 
and swin/ging chain/, 


The two following are quoted as examples of (7) : — 

(7rtf.) The year’s/ at the spring/ and day’s/ at the mom ; nioiu/iiin's 
at seven/ ; the hiU-Zside’s dcw-pcarlcd/ \ 

The lark’s/ on the wing/ ; the snails/ on the tlioin' : Ood\/ in 

his heaven/- all’s right/ with the world/. 

(J? tmm * Ptppa Passes/’) 

The third and seventh units of both versos are defective in being duple, 
but that is immaterial : the iy/jc is presented. The following is nearer 
type, though further from poetry ; it is metrically defective only in tlie 
sixth unit : — 


(76.) As gay/ aa a lark/ and as blythe/ as a bee/', hand/sorae, gou/erous, 
sprigh/tly, and young/ ; 

(C> 0 M, “ By Koles, I ne\ei will nuviiy '*) 

No. (8) is represented by the following : — 

(8.) I have road/ her romau/ccs of dame/ and knight/ ; she/ was my 
prin/cess, my pride/, my pet/, 

(A. L. Oordcriy “ The Romance of Bntomart.’*) 

Gbrdon’s poem contains several examples of the metre, but all are defective 

in admitting two duple units — ^the fourth and eighth in the examples quoted. 

The construction showm in (9), ( 10 ), and ( 11 ) is more frequently met with : — 

(9.) When love/ly wo/ man stoops/ to fol/iy, and finds/ too late/ that men/ 
betray/, 

What charm/ can MDothc/ her me/ianeho/ly V Wliat art/ can wahli/ 
her guilt/ away ?/ 

<0 QoUlnmUh, “ Stanzas on Woman.”) 


(10.) How long/ didst thou think/ that his si/lcnco was slum/ber 1 When 
the wind/ waved his gar/ment, how oft/ didst thou start ?/ 

How ma/ny long days/ and long weeks/ didst thou nnm/ber, ere he 
fa/ded before/ thee, the friend/ of thy heart ?/ 

(Su Tr. Seottf *' Hchcllyn,” pait stanza 3.) 

(11.) Of the mail-/oover’d ba/i‘ons, who prou/div to bat/fle led their vas/ 
sals from Kii/rope to Pa/lostino’s plain/, 

The esou/tclieou and bhiold/, which with c/very blast ra/ttle, are the 
on/ly sad ves/tigos now/ that remain/. 

(Lord Bj/ton, ** On Xewstead Abbey,” stanza 2.) 


The blending of (10) and (11) is shown in the foUovdng, whore it is curious 
to note how the humorous writer changes the metre from duple to triple : — 

(llo.) ** When wo/man,’* as Gold/smith declares/, ** stoops to fol/ly, and 
finds/ out too late/ that false man/ can betray ”/, 

She is apt/ to look dis/raal, and grow/ melan-cho/ly, and, in short/, 
to be an/ything ra/ther tlian gay/ 
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He goes on/ to remark/ that '' to pun 'ish her lo wiinu his 
bo/bom, and draw/ the tear in/ to his eye/. 

There is/ but one me/tiiod " which he/ can disco/ voi that’s like/ly 
to ans/wer — that one/ is to “ die ” !/ 

(H. 7/ haihtm (IngoWnby), “ The Itlack ranto li.) 

The quadruple motiv may vary in this way also, hut no examples have been 
encountered ; when found, tliey readily fall into place in the scheme. 

5. The whole of the examples given in paragraphs 3 and 4 wunstitute 
one group of the varieties into which Romance vera<‘ is divided. The group 
may be summarized and tabulated as follows : — 

Geoup a. 

Variation 1. 

Subvariation (a.) Ordinary duple .. .. Example (1). 

{h,) Triple, with opening and mid- 

duple . . . . . . Example (2). 

(c.) Triple, with opening duple . . Exan^ile (U). 

(<7.) Quadru])le, with opening aiwl 

mid -duple . . . . Exaniph^ (Wu). 

{e.) (Quadruple, with o]>ening duple 
and mid -triple. 

{/.) Quadruple, with ojwming duple. 

Ig,) Triple, with mid -duple . . Example (4). 

(/i.) Ordinary triple . . . . Example (5). 

(i,) Quadruple, with o[)ening lrii>l(‘ 
and mid-duple. 

(}, ) Quadruple, with opening ami mid- 

triple . . . . . . Examj>lo (5/^). 

{k,) Quacfruple, with opening triple Example (5c). 

(1) Ordinary quadruple with mid- 
variants tF any found. 

Variation 2. (Mid or fifth unit abrupt in all oases.) 

Subvariation (a.) Ordinary duple . . . . Example (6). 

(&,) Triple, with opening duple . . Example (7). 

(c.) Quadruple, with opening duple. 

(d.) Ordinary triple . . . . Example (8). 

(e.) Quadruple, with opening triple. 

(/,) Ordinary quadruple. 

Variation 3. (Mid-feminine — fourth unit with feminine ending.) 

Sub variation (a.) Ordinary duple . . . . Example (0). 

(5.) Triple, vdth opening duple . . Example (10). 

(c.) Quadruple, with opening duple. 

(d.) Ordinary triple .. ,. Example (11). 

(c.) Quadruple, with opening triph^. 

(/.) Ordinary quadmple. 

Key to GbOUP and VABIATIONb. 

1. Any Romance verse whose first unit is ordinary duple, triple, or quadruple — t.c., 

' two-, three-, or four-syllabled, with stress on the last syllable — and whose 
last unit is stresbed on the lai^ syllable, irresi>eotivo of number of syllables 
from one to four, belongs to Group A. 

2. Any such verse whose fifth unit contains two or more syllables, up to the number 

of syllables in the normal unit of that verse, belongs lo variation I — that is, 
in duple metre the fifth unit must have no more thau two syllables ; in triple, 
no more than three ; in quadruple, no more than four ; and in no case less 
than two. 

3. Any verse whose fifth unit has only one syllable, and that one stressed, making 

the second half- verse abrupt, belongs to variation 2. 

4. Any verse whose fourth unit has a feminine ending followed by a normal fifth 

unit belong to variation 3. In a duple verse the fifth unit will then contain 
three syllables; in triple, four; and in quadruple, five. 
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5. A combiaation of variations 3 (cr) and 2 (a) will result in an oidinarv duple verse ; 

of Nos. 3 (6) and 2 in variation 1 (&) ; of Nos. 3 (c) and 2 (c^, in varia- 
tion 1 ((/). 

6. There may exist rare examples where the fourth unit of a verse falling witliin 

this group may end with a dotihZc-feminine. Should such verse be ^und 
it would be classed as variation 4. 

In the examples given illustrating the variations of the above group, regular 
verses have been selected — regular, that is, in so far that a duple verso is 
composed of duple units, a triple or quadruple verse of triple or quadruple 
units. In all poetry the tendency of the units appears to be towards this 
regularity. The formal school of Pope and Dryden almost insisted upoji 
the necessity for such regularity, but the fact that poets gifted with keener 
vision and more facile utterance than Pope or Dryden showed repeatedly 
that the best poetry could be conveyed in irregular verse is conclusive 
proof that whilst the tenden/cy towards regularity exists the necessity does 
not. A great many readers derive more pleasure from a regular than from 
an irregular verse, and there are many w’ho for this reason would still 
impose the syllabic fetters. Coleridge’s “ Christabel ” is largely irregular ; 
stiU more typically so is Shelley’s Sensitive Plant.” When Leigh Htmt, 
in 1835, first published his ‘‘ Captain Sword and Captain Pen,” he found 
it necessary to remark in the advertisement, “ The measure is regular with 
an irregular aspect, four accents in a verse, like that of Christabel, or 
some of the poems of Sir Walter Scott : — 

Captain Sword got up one d^iy — 

And the fl^g full of honour as thofigh it could fodl — 

He ” [the author] “ mentions this, not, of course, for readers in general, but 
for the sake of those daily accedors to the list of the reading public, whose 
knowledge of books is not yet equal to their love of them.” Though this 
development was regarded by many as new, it was in reality a '' reversion.” 
The original constitution of poetry was irregular, purely duple and purely 
triple verses being the result of a slow development. 

6, Take again the opening stanza of The Sensitive Plant ” : — 

A 5ew/sitive plant/ in a gar/tlen grow/, 

And the young/ winds fed/ it with sil/ mr dew/, 

ATid it o/ponod its fan-/liko leaves/ to the light/» 

And closed/ them beneath/ the las/ses of night/. 

The first verse opens and closes vdth. duple units, and the second verse opens 
and closes with triple units, as italicized ; in all cases the stress is on the last 
syllable of the unit. These facts accord with the requirements of para- 
graph 1 of “ Key to Group,” and therefore the verses belong to that group. 
Again, the fifth unit of the first verse contains a triple and the fifth unit 
of the second verse a duple unit ; and as neither exceeds the length of units 
found in other parts of the verses, these accord with the requirements of 
paragraph 2 of the key, and consequently belong to variation 1 of the group. 
Por the rest, the verses are a blending of subvariations (a), (h), (c), {g), and (^). 

7. Group B. — This differs from Group A in one unit only, the eighth 
or last. This unit has a feminine ending, or, in other words, is followed 
by an extra unstressed and unaccented syllable. The variations and sub- 
variations of both groups are identical, and it wiU not, therefore, be necessaiy 
to quote examples for all the subvariations — one for each main variation will 
suffice. 

22 — Trana. 
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Transactiom, 


Variation 1, Subvariation (a) : — 

(12.) And is/ she dead ?/ — and did/ they dave/ ob«‘y/ niy \ jea/IoiH 

r9>/mng ? 

My wrath/ but doom’d/ my own/ despair/: ilu* sword/ that smote/ 
lior’fi o’er/ me wa/ mttj. 

\ta)uI Jivrmit '* Hoio<i*s Laiiu‘»»t foi M.ui.tnino,'* st m/.i 2.) 


Variation 2, Subvariation (a) : — 

(13.) a. Awako !/ my love/, the smi’a/ bright ray/, hills/ and \al/l(\\s 
now/ actor/ /iiViV. 

(T. fiUike^ " <ileo(l Mcumnc;," opcnmf?) 


1). Oh may/ it prove/ for Soot/land’s i?ood !/ hoji/ide Iml/die, 
High/land lad/die, 

But why/ BO drench/ our glons/ with blood ?/ bon/nie lad/di<‘, 
High/land lad/die. 

{Jamei Hogq, ** Highl.mcl Laddie,’' last Htaiiaa.) 

Variation 3, Subvariation (a) : — 

(14.) Her voice/ did qui/ver as/ we par/^fd, yet knew/ L not/ that lumrt/ 
was bro/jkew 

From whence/ it came/, and 1/ dopar/<ed heed/ing not/ the 
words/ then spo/Aew. 

j (SJieUey, '* On Fanny Oodwiii.”; 

Example (14) is 'prosodically imperfect in tbo second half-vcrso of the second 
verse, wbicb begins abruptly instead of ordinarily. This metiv, is, howc’vcu*, 
very rarely met with. 


8. Gboup C. — This differs from Group B in one unit only, the eighth 
or last. This unit has a dow^Ze-feminine ending. It is seldom mot with 
except in humorous verse, and even then the perfect foim occurs only in 
occasional verses. 


Variation 1, Subvariations (c) and (h) : — 

(16.) And e’en/ as Macbeth/, when devi/sing the death/ of his King/, 
heard “the vo/ry stones prate/ of his whcre/a6oMf« ” ; 

So this shook/iilg bad wife/ heard a voice/ all her life/ crying “ Mur/ 
der I ” resound/ from the cu/shion — or there/al!>o^tfo. 

(JL JS, Barham, ** Ingoldsby Legends” : A Lay of fit. Gengulphus,” stausa 73.) 

Variation 3, Subvariation (6) : — 

(16.) Her li/ttle red eyes/ were deep-sot/ in their so/cket-holes, her gown-/ 
toil was turn’d/ up, and tuck’d/ through the yxy/ckvt-hoh'ft ; 

« 1 • . ^ . (i2. m Barhatn, ” liOOk at the Clock,” aeon. 1.) 

Variation 4, Subvariation (c) : — 

(17.) And a ten/derer le/veret Ro/bin had m/ver ate ; ho, in af/ter timoH, 
oft/ ho was wont/ to asse/vcr«fe. 

(JR. H, Barium, ” The Witchos’ Vrolic*.”) 

9- These three Groups, A, B, and C, comprise Division ] of the Romance 
metre. Division II has also three groups, with their variations and sub- 
variations exactly as in Division I. The two divisions are distinguished 
by the "first unit of the verse. All ordiwiry duple, triple, or quadruple 
openings belong to Division I ; all openings to Division II. The 

former therefore contains all so-called iambic, anapestic, and amphibrachic 
measui^ ; the latter all trochaic and dactylic. As in the latter division the 
ff^t units of the verses contain only one syllable in all instances, this divi- 
sion does not exhibit the same amount of subvariation. One or two 
examples will suffice. 

Division II, Group A, Variation 1, Subvariation (g) : — 

(18.) A^/ me why/ I send/ you here/ this sweet/ Infaoi/ta of/ the yeere ?/ 
Afike/ me why/ 1 send/ to you/ this Brim/rose thus/ bepoarl’d/ with 
dew 7/ 


eBarridt. ** Thu P rlnftw wt ** dharma. X.) 
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Variation 2, Subvariation (a ) : — 

(19.) He/ that loves/ a ro/by cheek/, or/ a oo/ral lip/ admires/, 

Or/ from &tar-/hke eyes/ doth seek/ tu/el to/ maintain/ its fires/ ; 

{Caiewt “ He that loves . . .'*) 

Variation 3, Subvariation (a) : — 

(20.) God/ bo with/ thee, glad/somo O/cenn! How glad/ly greet/ I thee/ 
once more !/ 

Ships/ and waves/ and oeaso/loss mo/tion, and men/ rejoi/cing on/ 
thy shore/. 

(Coleiidge, On revisiting the Sea-shore,” stanza 1.) 

Division II, Group B, Variation 1, Subvariation (a) : — 

(21.) ^\n/nan Wa/ter’s wa/ding deep/, and my/ love An/nio’s won/drous 
hon/ny ; 

1/ will keep/ my tryst/ to-night/, and win/ the heart/ o* love/ly An/nie. 

C Annan Watw,” stanza 1.) 

The key to the division, then, is in the fixst unit : if the unit be ordinary 
(duple, triple, or quadruple), the verse belongs to Division I ; if abrupt, to 
Division II. The key to the groups is in the last units, and to the varia- 
tions ill the fourth and fifth units, as particularized in paragraph 5. 


10. Ballad, Nibelungen, and Alexandrine metres vary in the same way, 
though not to the same extent, owing to the fact that the two latter are the 
results of a mid-variation of the Ballad. It may be noted that should a 
Eomance verse drop its last syllable (stressed), it is no longer Romance, but 
Feminine Ballad ; should it drop the last syllable (stressed) of the first 
half-verse, it becomes that peculiar and uncommon verse found as the swell 
of Nibelungen stanzas, which is regarded as Nibelungen reverting to type 
(see remarks in example No. (16)' g in f^aragraph 10). Should a BaUad 
verse drop the last syllable (stressed) of the first half-verse, it becomes 
Nibelungen ; and should a Nibelungen verse drop the last syllable 
(unstressed) of its first half-verse, or should a Ballad verse drop the last 
unit of its first half-verse, an Alexandrine results. Should a Ballad verse 
drop its last unit, it becomes an unpaused Alexandrine ; and this latter verse 
can drop nothing from its last unit without also dropping itself out of the 
category of metrical verses, unless, indeed, it may be said to result in a 
Heroic verse of five stresses. 

The full tables of the Lyric metres are therefore as follows ; — 


Hi VISION J. 

Group A. 

Variation 1. 

Subvariation — 

{a.) 

(&.) 

(c.) 

(d,) 

(e.) 

(A) 

{^0 
(h.) 

(t.) 

(A) 

(fc.) 

[ 1 ) 

(w.) 

(n.) 


1. Romance Metre. 



.../ . 
.../ . 

./.... 

•A 


./ 

A 

• • •/ • * 

./ 

.../ 

.../ 

.../ 

.../ . 
.../ . 

./ ... 
./ ... 

7 

.../ 


./ 

• • •/ 

. ../ 

• • •/ • • 

• / • • • • 

./ 



./.... 

».../■ 

/ 

.../.. 

./ 

..../ 


•/ ■ ■ • • 
./ — 


../• 

± 


.../ 

.../ 
• ••/ 
.../ 
.../ 
.../ 

■:.i, 

.../ 


.../ .../ 
.../ .../ 


/. 
/. 

■■t 


./ 

:■// 


(2 2 2 2 2 2 2 2 ) 

(2 3 3 3 2 3 3 3) 

(2 3 3 3 3 3 3 3) 

(2 4 4 4: 2 4 4 4) 

(2 4 4 4 3 4 44) 

(2 444 4 444) 
(3 3 3 3 2 3 3 3) 
(3 3.3 3 3 3 S 3) 
(3 4 4 4 2 4 4 4) 
(3 444 3 444) 
(3 444 4 4 4 4) 
(4 444 2 4 44) 
(4 44 4 3 44 4) 
(4 44 4 444 4) 


22 * 
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TramacHouR. 


Variation 2. 

Subvariation — 

(a.) ../ ../ ../ ■•/ 

(5.) 

(<••) 

(i.) 

(e.) 

(/•) 

Variation 3. 

Subvariation — 

(a.) 

(b.) 

(e.) 

{d.) 

(e.) 

{/■) 


/ ../ ../ ../ 
/ .../ .../ .../ 

/ .../ .../ .../ 


,7 ../ ../ . 7 . .7 -7 -7 ••/ 

.7 ..7 ..7 •. 7 - •••/ --7 •••/ •••/ 

7 -. ../ 

../ ..7 •••/ •••/• •••/ •••/ •••/ 

. 7... 7 /... 7 .. .•/•■••/ 

/..../....I..../ 


Variation 4. 

Subvariation — 


(a.) 

( 6 .) 

(c.) 

{<*.) 

(«•) 

(/.)* 


7 

7 

7 - 

7 

7 . 

7 - 


7 

•/ 


7 - 

7 . 

7 . 

7 - 

7 . 

7 . 


7 

7 

7 . 

7 


7 ■•/ ••/ 
7 .../ .../ 
7 .. . 7.. .7 
7 ..7 •••/ 


(2 2 2 2 1 2 2 2 ) 
( 23331383 ) 
(2 4 4 4 1 4 4 4) 

(3 3 3 3 1 3 3 3) 

(3 4 4 4 1 4 4 4) 

(4 4 4 4 1 4 4 i) 


(2 2 2 2 3 2 2 2) 
(2 3 3 3 4 3 3 3) 
(2 4 4 4 5 4 4 4) 
(3 3 3 3 4 3 3 3) 
(3 4 4 4 3 4 4 4) 
(4 4 4 4 5 4 4 4) 


(2 2 2 2 4 2 2 2) 
(2 3 3 3 5 3 3 3) 
(2 4 4 4 6 4 4 4) 
(3 3 3 3 5 3 3 3) 
(3 4 4 4 6 4 4 4) 
(4 4 4 4 6 4 4 4) 


Group B. 

This group newl not be particularized in all its details, seeing that it 
is exactly the same as Group A, excepting that the last unit is followed 
by an unstressed syllable, making a feminuie ending. 


Variation 1. 

Subvariation — 

(a.) ../ ,./ ../ .. 4 ./ ../• ../ ../a (2 2 2 2 2 2 2 2 +) 

(6.) . 7../*. 7*. ./..*/• (2 3 3 3 2 3 3 3 +) 

(And so on through the variations of Group A.) 


Group C. 

As was the case with Group B, there is no need to particularize this 
group in all its details, seeing that it is exactly the same as Group A, 
excepting that the last unit is followed by two unstressed syllables, making 
a double-feminine ending. 

Variation 1. 

Subvariation — 

(a.) ../ ../ .,/ (2 2222222 ++) 

(6,) (2 3 3 3 2 3 3 3 ++) 

(And so on thiough the variations of Group A.) 

Division II, 

This division dijffers from No. 1 in that all verses under it begin ahrupilf/, 
or with a stressed syllable. 


* Note. — Lest it be supposed that the forms (d), (e), and (/) are imposmbilities, the 
two following, specimens of the first and last, are given : — 

And from verge unto verge of the starlit profundity 
In a murmur of wings is a sound borne along, 

And ^6 sound Is the ory of the ages* fecundity, 

, That is visioned in beauty and voiced In song. 

And to the centre of the whirlpool with a swift Imnetuosity 
We wore impelled and drawn reslstiessly along the rapid flow, 

With an accelerated motion and a quadrupled velocity 
We were engnlphed within the Maelstrom m a headlong plunge below. 

'rnily these may be the veriest doggerel, but both arc possibUiiiett^ and a classifier 
must open his ears to admit the pipings of Pan no less than the lyrings of Apollo. 
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<tBOtjp a. 









Variation 1. 









Snbvariation- 

— 








ia.) ./ 



../ . 

./ 



./ 

(1 2 2 2 2 2 2 2) 

(6.) ./ . 


../ .../ 

../ .. 

./ 

.../ 

, , 

./ 

(1 3 3 3 2 3 3 3) 

(<••) •/ • 

../ . 


.../ .. 

-4 

.../ 

. . 

./ 

(1 3 3 3 3 3 3 3) 

(rf.) •/.. 




./ 

..../ 

. . 

./ 

(1 4 4 4 2 4 4 4) 

(<■•) 




•/ 


./ 

(1 4 4 4 3 4 4 4) 

(/■) •/•• 




•/ 

..../ 

. . 

•/ 

(1 4 4 4 4 4 4 4) 

Variation 2. 









Subvariation- 

— 








(«.) ./ 



./ . 

./ 


. 

./ 

(1 2 2 2 1 2 2 2) 

(6.) ./ . 

../ . 

../ .../ 

./ .. 

•/ 

.../ 

. . 

./ 

(1 3 3 3 1 3 3 3) 

(c.) 




•/ 

..../ 

. . 

•/ 

(1 4 4 4 1 4 4 4) 

Variation 3. 









Snbvariation- 

— 








(«-.) ./ . 

./ . 

■/ 

.•/ . 

•/ 


, 

./ 

(1 2 2 2 3 2 2 2) 

(5.) ./ .. 

•/ •• 

■/ •••/. 

.../ .. 

•/ 

.../ 

. . 

•/ 

(1 3 3 3 4 3 3 3) 

(f.) ./••• 




./ 

..../ 

... 

./ 

(1 4 4 4 5 4 4 4) 

Gbottp B and 









Gboitp C vary in the same manner as 

these two groups vary in Division I — that is- 

each verHo of Gbotjp A 

ifl followed by a feminine or double-feminine ending. 

Division T. 


2. Ballad I^Iltbe. 





Gboup a. 









Variation 1. 









Subvariation- 

— 








{«.) ../ 





/ ■ 

/ 

/ 

(2 2 2 2 2 2 2 -) 

(6.) ../ 

.../ 

.../ .../ 



/ •• 

/ 

/ 

(2 3 3 3 2 3 3 -) 

(c.) ../ 

.../ 

.../ .../ 

.../ 


/ .. 

/ 

/ 

(2 3 3 3 3 3 3 -) 

(<i.) ••/. 





/... 

/ 

/ 

(2 4 4 4 2 4 4 -) 

(«.) 



.../• 


/... 

/ 

/ 

(2 4 4 4 3 4 4 -) 

(/•) 





/... 

/ 

/ 

(2 4 4 4 4 4 4 -) 

(?•) .../ 

.../ 

.../ .../ 



/ .. 

/ 

/ 

(3 3 3 3 2 3 3 -) 

(/I.) .../ 

.../ 

.../ .../ 

.../ 


/ 

/ 

/ 

(3 3 3 3 3 3 3 -) 

«••) .../. 


.../••••/ 



/... 

/ 

/ 

(3 4 4 4 2 4 4 -) 

O'.) .../• 



.../. 


/... 

/ 

/ 

(3 4 4 4 3 4 4 -) 

(fr.) .../• 



..../• 


/•■• 

/ 

/ 

(3 4 4 4 444-) 

(;.) 


.../••••/ 



/... 

/ 

/ 

(4 4 4 4 2 4 4 -) 

(fH.) 





/■•• 

/ 

/ 

(4 4 4 4 3 4 4 -) 

(n.) 





/... 

/ 

/ 

(4 4 4 4 4 4 4 -) 

Variation 2. 









Snbvariation- 









(n.) 



•/ 


•/ • 

/ 

/ 

(2 2 2 2 1 2 2 -) 

(M ../ 

.../ 

.../ .../ 

•/ 


./ •• 

/ 

/ 

(2 3 3 3 1 3 3 -) 

(r.) 






/ 

/ 

(2 4 4 4 1 4 4 -) 

{d.) .../ 

.../ 

.../ .../ 

•/ 


•/ •• 

/ 

/ 

(3 3 3 3 1 3 3 -) 

('’•) .../. 


. . ./ / 




/ 

/ 

(3 4 4 4 1 4 4 -) 

(/.) 

.../. 




./... 

/ 

/ 

(4 4 4 4 1 4 4 -) 

Variation 3. 









Subvariation- 









(«.) .. / 


-■/ ../ 



/ . 


/ 

(2 2 2 2 3 2 2 -) 

(ft.) ../ . 


../ .../ 

.../ 


/ .. 


/ 

(2 3 3 3 4 3 3 -) 

ir.) 



..../■ 


/••• 


/ 

(2 4 4 4 544-) 

(fO .../ . 

../ . 

../ .../ 



/ .. 


/ 

(3 3 3 3 4 3 3 -) 

(<-.) 





/... 


/ 

(3 4 4 4 5 4 4 -) 

(/.)•••./■• 



..../• 


/■■• 


/ 

(4 4 4 4 544-) 

Variation 4. 









Subvai.iation- 

— 








(«.) ••/ 

■■/ 


. ../ 


•/ . 

•/ 

/ 

(2 2 2 2 4 2 2 -) 

(i.) ../ . 

. 

.../ .../ 

. .../ 


./ •• 

./ 

/ 

(2 3 3 3 3 3 3 -) 

«••) 



/. 

. . . 


•/ 

/ 

(2 4 4 4 6 4 4 -) 

(<?.) .../ . 

. 

.../ 

. .../ 

, . 

•/ •• 

•/ 

/ 

(3 3 3 3 6 3 3 -) 

(<•.) .../•• 



/. 

. . . 


./ 

/ 

(3 4 4 4 6 4 4 -) 


.../■ 


/ 



./ 

/ 

(44 4 4 64 4-) 
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Transacttonfi. 


Gboup B and 
Gbottp C. 

The same remarks apply in Ballad that applied in Romance metre— that is, 
the two groups are the same as Gboup A except that they have feminine and 
double-feminine endings respeotivoly. 


Division II. 

This again, as in Romance, differs from Division i only in that the verses 
all begin abruptly, or with a stressed syllable. 


Division I. 


3. Njbelunoen Mntbe. 




Gboup A. 

Variation 1. 

Subvariation 




/ 




/ 

(2 2 2 + 2 2 2 -) 

(6.) 

. 

■/ 

.../. 

/ 


../ . 


/ 

(2 3 3 + 2 3 3 -) 

(c.) 

. 

./ 

.../. 

/ • 


../ . 

./ 

/ 

(2 3 3 + 3 3 3 -) 

(d.) 

/•• 

•/. 

.../. 

/ 



■/ 

/ 

(244 + 244-) 

(e.) 

/•• 


.../. 

/ • 

../. 


./ 

/ 

(2 4 4 + 3 4 4 -) 

{/•) 

/•• 


.../. 

/•• 



./ 

/ 

(2 4 4 + 4 4 4 -) 


/ • 

./ 

.../. 

/ 


../ . 

./ 

/ 

(3 3 3 + 2 3 3-) 

(A.) 

/ . 

./ 


/ • 


../ . 

■/ 

/ 

(3 3 3 + 3 3 3 -) 

(i.) 

/•• 

./ 

.../. 

/ 



./ 

/ 

(3 4 4 + 2 4 4 -) 

(/•) 

/•• 

./ 

.../. 

/ • 

../. 


•/ 

/ 

(3 4 4 + 3 4 4 -) 

(ft.) .. 

/.. 

./ 

.../. 

/•■ 



•/ 

/ 

(3 4 4 + 4 4 4 -) 

(i.) ... 

/•• 

./ 

.../. 

/ 



./ 

/ 

(4 4 4 + 2 4 4 -) 

(m.) . . . 

/.. 

./ 

.../. 

/ . 



./ 

/ 

(4 4 4 + 3 4 4 -) 

(».) . . . 

/•• 

•/ 

.../. 

/•• 



•/ 

/ 

(4 4 4 + 4 4 4 -) 

Variation 2. 
Subvariatioii 
(o.) 




/ 

./ 



/ 

(2 2 2 + 1 2 2 -) 

(5.) 

./ 

../ 

.../. 

/ 

./ 

.../ 


/ 

(2 3 3 + 1 3 3 -) 

(c.) 

•/. 


..../. 

/ 


.../. 


/ 

(2 4 4 + 1 4 4 -) 

(d.) .. 

./ 

../ 

.../. 

/ 

./ 

.../ 


/ 

(3 3 3 + 1 3 3 -) 

(e.) .. 

■/. 



/ 


.../. 

../ 

/ 

(3 4 4 + 1 4 4 -) 

(/.) ... 



..../. 

/ 

./• 

.../. 


/ 

(4 4 4 + 1 4 4 -) 


Gboup B and 
Gboup C. 

Again the remark oonoeming these groups in Romance and Ballad metres 
apply. 

DmsiON n. 

As in Romanoe and Ballad, the venioB in this division begin abruptly. 


DmsiON I. 

Geoijp a. 

Variation 1. 

Subvariation — 


4. ALUzaNDBirrE Mstbu. 


(«.) 

( 6 .) 

(c.) 

(d.) 

(e.) 

(/■) 

(?•) 

(i.) 

(>■•) 

{]•) 

(k.) 

(i.) 

(»«•) 

(».) 


./ ../ ../ / ../ ../ ../ 

../ .../ .../ / ../ .../ .../ 


.../ .../ .../ / ../ .../ 

./ .../ .../ / .../ .../ 


•/ /. 
•/ / 
•/ / 
■/ /. 


•/. 


•/ 

■/ 

•/ 

•/ 

•/ 

•/ 

•/ 

./ 

./ 

•/ 


/ (2 2 2 2 2 2 -) 
/ (2 3 3 2 3 3 -) 

/ (2 33-333 -) 

/ (2 44-244 -) 

/ (2 44-344 -) 

/ (2 44 - 444 -) 

/ (3 33-233 -) 

/ (3 33-333 -) 

/ (3 44 - 244 -) 

/ (3 44 - 344 -) 

/ (8 44 - 444 -) 

/ (4 44 - 244 -) 

/ (4 44-344 -) 

/ (4 44-444 -) 
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2 2 -) 

3 3 -) 

4 4 -) 

3 3 -) 

4 4 -) 
4 4 -) 


(a.) ../ ../ / ./ ../ ../ / (2 2 2 -1 

( 6 .) ../ .../ .../ / ./ .../ .. / / (2 3 3 -1 

( c .) ../•••./••••/ / ./..../•••/ / (2 4 4 -1 

<(.) ../.../•■•/ / ./••./••/ / (3 3 3 -1 

(e.) / (3 4 4'il 

(/.) / (4 4 4 -1 

Gitour B and 
Geoup C. 

Again Iho remark concerning these groups in Romance, Ballad, and Nibe- 
lungen apply. 

Division II. 

As in Romance, Ballad, and Nibelungon, the verses in tliis division begin 
abruptly. 


Division III. 

In this division may be classed the “ unpaused ” Alexandrine : — 

/ / (2 22222 --) 

This can vary only at opening and close, with ordinary duple, triple, or quad- 
ruple, or abrupt, at the former, and feminine or double-feminine at the latter. 

In the foi'egoing groups will bo included all poems whose stanzas are regular' ; 
stanzas, that is, composed of a definite number of full verses. To each 
group will be appended one or more subgi*oups where an exceptional con- 
struction is met with, as in the following : — 

Winds are loud and you are dumb, 

Take my love, for love will come, 

Love will come but once a life. 

Winds are loud and winds will pass I 
ypring is here with leaf and grass : 

Take my love and be my wife. 

After loves of maids and men 
Arc but dainties drost again ; 

Love me now, you’ll love me then : 

Love can love but once a life, 

(Tennyson, No Answer ” fiom ** The Window.*') 

When, dearest, I but think of thee, 

Methinks all things that lovely be 
Are present, and my soul delighted ; 

"For beauties that from worth arise 
Arc like the grace of deities. 

Still present with us, though unsighted. 

LSir JoJm SucUing, " A Song.'*) 

The construction of these is similar to the construction of the Dowsabel 
stanza, but the effect is entirely different. The whose difference lies in 
the third and sixth lines, which in the two above examples contain four 
stresses, against three in the Dowsabel. The former wuH therefore more 
naturally fall into Division I of the Romance metre, under variation 1 
of Group A ; the latter into the parallel division of Ballad metre. A fuller 
discussion concerning exceptional forms will be more in place in the chapter 
on the stanza. 
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Art. New Zealand Binl-sontf. 

By Johannes C. Andjoksen. 

[Head before the Phlo^ophital fnsiiiitte of Cati/etbunf, 2nd Noumha, 19I0.\ 

The following additional notes and variations have been observed since 
publication of tbe 1908 Transactions. 

On tbe 12th November, 1909, in company with Mr. T. D. Burnett, of 
the Mount Cook Run Station, I climbed Moxuit Burnett, 6,234 ft. in height. 
On the western slope of the peak, at a height of over 5,5(K) It., we found a 
quantity of moa gizzard-stones. They were quartz, and lav in an eartli- 
filled pocket of rock, near an amphitheatre or half-basin, a formation 
commonly found among the weathered tops of this range, the Liebig, wliicJi 
is composed in great part of clay slates and sandstone. Many large moa- 
bones have been found on the lower parts of the run, the homestead of 
which is 1,900 ft. above sea-level. On descending the eastern side wt saw 
one kea just below the snow-line. Keas were formerly very numerous on 
this run, a tally kept for thirteen years showing an average loss of five 
hundred sheep a year through their attacks alone : the flock runs from five 
to six thousand. The consequence is, unrespited war against them lias 
very considerably reduced the numbers of bhe kea. Mr. Burnett told mo 
that it has a greater variety of calls than any other bird known to hmi. 
When worrying a sheep it emits a detestable chuckling sound ; and he has 
lain through a night in an out-hut hearing this sound, exasperated at being 
unable to interrupt the feast he knew was going on above him. There 
was a high wind blowing when we saw this solitary kea, but, as the bird 
stayed close to us for a considerable time (thanks to the forbearance of my 
host), I was able to take the pitch of his characteristic cry. 


1 




Kee-a- a-ah 


la 






Kec e oh 


No. (1) was the most frequent cry. It is most plaintive, as if the bird were 
the injured party. The cry difEers at various times in several w^ays. Some- 
times the slur is from a short note to a longer one, dropped a semitone, 
as (1) ; sometimes it is from a long note to a short one, without the semi- 
tone drop, as in (la). This latter cry I hoard several times over the moraine 
of the Tasman Glacier ; and whereas (1) is plaintive, (la) is more sinister. 
Again, the interval was often much less : it constantly varied, and was 
sometimes so slight that it sounded very like the mewing of a lost kitten. 
On the 18th November, 1910, we camped for a night at the terminal face 
of the Murchison Glacier, on the slopes of the Malte Brun Range, and 
before daylight on the 19th we heard several keas in the heights above. 
A most characteristic cry was as follows : — 





KeeeeeeAh 



iKeee«eeah 


The first note of (2) was long drawn out on the /, and slurred vigorously 
down through an octave. No. (2a) was most curious ; the long d was 
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uttered Avith a rapid vibrato, as though it were bubbling through water, 
and slurred to / as in (2). In both instances the intervals between the long 
note and the short note varied, the pitch being anything apparently between 
a tlurd and an octave above /. If the name of the kea be ouomatopoetic, as 
seems almost certain, it should be spelt Ua, not lea, 

A bird regarded with quite different feelings is the paradise duck 
(Casarcct variegata — putangitangi). This is very common on the JoUie 
and great Tasman River beds, and is never molested. It is a beautiful 
bird, and I never saw it but in pairs. The cries of the duck and drake are 
quite distinct. 





y TAe 


Nos. (1) to (5) arc cries of the duck. Her note varies exceedingly in pitch, 
sequence, combination, and duration. The notes are uttered both whilst 
at rest and on the wing. The sound is not a whistle, but is nearer a clear 
human cry, especially as regards No. (5). The drake’s note is very different. 
It is represented in (6). The sound differs altogether from that of the 
duck — ^it can be very nearly reproduced with a piece of paper and a comb. 
There is an overtone of a third distinctly audible, and this overtone, very 
much softer and fainter than the deeper note, has a sound more allied to the 
cry of the duck. I did not hear this note of the drake’s varied in 1909, 
but on the 16th and 17th November, 1910, in the same locality, it was 
varied as under : — 



The quality of the note is as in (6), but the overtone is absent. It was 
repeated twice or ofteucr, both whilst the drake was at rest and on the 
wing. On the 21st November, 1910, 1 noted the following variations in the 
cry of the duck : — 



She uttered the cry (9) whilst walking on the river-bed, changing to (10) 
on taking to the wing, and returning to (9) again whilst on the wing- Very 
often during flight the drake sounded his deep note whilst the duck cried 
the notes of (5), and one could not help imagining that she was then 
lamenting a lost brood or desolated home, whilst the old drake, with tears 
in his voice, was doing his utmost to comfort her. If, as is said, the native 
name “ putangitangi ” was given on account of the cry, then (6) is certainly 
the note whose plaintiveness touched the poetical nature of the dusky 
name-giver. Whilst on the JoUie River bed a duck suddenly appeared 
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before us, fluttering away on the shingle as it wounded and in the last 
extremity. “ There’s a nest boincwliere,” said niy companion, “ and she 
is decoying us away from it.” We humoured her malcMual instinct, and 
after preceding us for a dozen yards or so she rose in tlie air and (lew oil*. 

Whilst resting after breakfast on the lat('ral moraiiu' ot the Tasman 
Glacier at the southern cud of the Murchison Valley, on llie J9th Nov('ml)er, 
1910, wo wore much pleased by the actions of a paradise duck and drake, 
A clear, gentle stream flowed along the foot of tlu' moraine at our leet, and 
the duck waded fearlessly backwards and forwards not mor(^ than 15 ft. 
from us. She approached nearer and nearer each traverse, until she was 
no more than 8 ft. away. As she moved slic constantly omitted a quiet, 
pleasing sound, the quack (though the term is too hard) of the paradise. 
After a time she rejoined her mate on the gravel beyond the stream, 
where they both settled down to sleep in the morning sun. Wo were de- 
lighted with their tameness : it gave us excellent opportunity of noting 
and admiring the beauty of their plumage. This Murchison Valley was 
extremely quiet : it has never been cut red by stock of any kind, and bird- 
life was also very scarce at the time of our visit. Besides half a dozen 
paradise ducks, we saw only two seagulls, and hoard the kcas above men- 
tioned. At dawn of the 19th, too, away up at the Murchison terminal, 
we heard a blackbird in the Malto Brun scrub, and lower down two more 
blackbirds and a ubiquitous chaffinch — an extremely common bird. 

I was at Stony Bay, near Okain’s, Banks Peninsula, late in December 
of 1909, and a solitary pair of paradise ducks had nested aad brooded in 
the valley — a most unusual occurrence. 

The blue duck (Hymenolaemus malacorhynchus — whio) is now rare, 
even on the river-beds away in the mountains, whore it was formerly 
extremely common. It is too good a table-bird to escape tlie common 
run of rabbiter and station hand. I saw none in 1909 ; but on the 15th 
November 1910, whilst riding down the Jollie, I made the acquaintance 
of a pair. They were floating down the lapid stream, bobbing about on 
the broken water, apparently entirely at the mercy of the current ; but by 
some dexterous movement both shot sideways out of the swift water into a 
comparative still stream behind a big rock. Here they dived and probed 
with their beaks for a time, when one made a dash at the rock, mounted 
half-way to its top, but slipped back into the water. It made a detour, 
and soon both were seated on the rook, preening their feathers. I dis- 
moimted, hopii^ to obtain a nearer view, and the birds allowed me to 
approach to within a few j^ards. In colour they were slaty blue, almost 
the colour of the water ; their breasts were bronze ; their bills pale 
yellow, almost white. Their note was a highly pitched cry — hardly a 
whistle : — 


2 , 







One of them uttered the cry in (1) three times whilst they were in the still 
pool diving and probing. It is a rapid vibrato, not a trill, and the duck 
thrusts out its neck when uttering the cry. It was varied as in (2), the 
quality of the note being the same. 

We saw two grey ducks, but they were silent. 
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A very coinmon bird on the Tasman River bed is the dottrel {(Mho- 
dromus obscnrus — ^iutnviwatu). Its constant cry, ivhich I did not hear 
varied in 1909, was a in alt, slurred to a flat : — 


8 ^ 



This is an agreeable whistle, repeated at intervals. In 1910 (November) 
its cry as it ran before me on the river-bed was constantly a repeated at 
intervals : — 






Twl^ tlvl^ 


On the 18tli November, whilst riding from the Hermitage, we started a 
young dottrel from the tussock, and it would persist for a long distance 
running before the horses, stumbling occasionally, but keeping up an 
amazing speed for so small and young a bird. Eventually it took to the 
tussocks again. 

On the 20th November, whilst riding along the river-bed track on the 
Tasman, three miles from Mount Cook homestead, we started (or should it 
be “ flushed ” ?) a dottrel. It arose almost at our feet, and we suspected we 
had disturbed a hen on her nest ; but, search as we would, we were unable 
to find it. Next day my companion passed along the same way, and again 
the bird rose. He waited at some distance, and had the pleasure of seeing 
her return to her nest. It was immediately beside the track, sheltered by 
a tussock ; and, whilst artfully concealed, it was a wonder it had never been 
seen or trodden on, as the track is in almost daily use. The nest contained 
throe dark-brown eggs, blotched with intensely dark brown, almost black, 
and they lay imbedded, not loose, in the nest. They were about the size 
of a starling’s egg. 

The graceful sea-marten, or sea-swallow (?), is fairly plentiful on the 
river-beds, though not so common as the dottrel. It is hailed in the back 
stations as the harbinger of spring. Its cry is usually a sharp whistle, as 
in (1) 



I heard the cry No. (2) on the 25th November, 1910, when the bird was 
flying over the Fork River, on the Mackenzie Plains. It was repeated at 
intervals as the bird flew by. No. (3) I heal'd on the 15th November, on 
the Jollie River. There were four or five swallows wheeling round together, 
and, all coming close together on one occasion, they wheeled downwards 
whilst one uttered this quick gurgling cry, running down in chromatic 
sequence from d to (j. 
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On ttc samo day we saw two boantiiul lodbills (Ifaemainpm nnicolor- 
torea). Their cry is voiy simple, mer<dy a sliarplv sounded / * — 



The sound may be represented by the letters tsip, ending on the first part 
of the p (with lips closed). It was uttered both on the wnij’ and at rest. 
One bird, which my companion, Mr. Burnett, said was a young one, had 
the same note, a semitone lower. 

In the early morning of the same day, threteen miles up the Jollio Eiver, 
in Pinnacle Creek, we saw a native lark {AntJius novae-zealandHie — pihoihoi). 
A light snow was falling at the time, and the bird settled on a big rock close 
by, bobbing its tail up and down as he whistled an /, somewhat similar to 
the note of the redbill, but unlettered : — 





On the lower course of the Jollie that morning Mr. Burnett pointed out, 
as we rode, that on each of five large rocks standing up at intervals along 
the river a seagull was standing sentinel. We crossed the Tasman on the 
24th November, and had just crossed a fair stream in mid-channel when 
we noticed half a dozen black-billed gulls {Lams bulkri) wheeling above us, 
making great clamour. Besides the common cry shown in No. (1), one of 
the birds at least constantly and shrilly emitted the cry No. (2) : — 



We presently saw the reason. Two young downy birds, scarcely able to 
run, for they constantly stumbled and fell on the sand, the river there 
being free from stones, were scurrying away from us towards the stream, 
into which they plunged. They were then in their element, for they swam 
perfectly, and had soon placed the stream between them and the supposed 
source of danger, when they stumbled up the sand on the other side. They 
were simply little balls of grey-brown down, and each could easily have 
been contained in a small teacup. 

On the 18th November, 1909, I was on the west side oi the Tasman 
Eiver, in the bush on Bush Creek. Here I heard a single grey-warbler 
three times, and each time he sang the following variation of the usual 
warbler sequence : — 

5 



Bere^ in so far as the notes are in triplets, the scheme is similar to that of 
the variations (8) and (4) in the Transactions of 1908. The difference is 
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that a rest takes the place of the last two notes of every alternative triplet. 
Each of the three times I hoard the variation it was as above. A month 
‘afterwards I heard a somewhat similar vaiiation in tho Stony Bay Bush, 

VIZ. : — 





This was sung by itself, or as an mtioduction to the ordinary rambling 
indeterminate song : in the latter case, when the ordinary song commenced, 
it was on a, a drop of a third. Sometimes the town song, varied to triplets 
(8), introduced the variation (7) , or the latter was often sung as an in- 
dependent fragment — 



• 

I had read in Buller’s “ Manual of the Birds of New Zealand ’’ that 
“Layard compares the note of the grey-warbler to tho creakmg soimd 
of a wheelbarrow.” I was never able to imagine which of the warbler 
notes induced this unmelodious simile. It vas probably (7) ; but, whilst 
the pitch and slight occasional variation from g to f may coincide with 
the squeak of the wheelbarrow, there is absolutely no resemblance in the 
quality of the sound : the warbler’s is sweet; the barrow’s is shrill. The 
simile mav also have been induced by No. (9), foUowmg : — 


d 



This song hovered about a flat, a semitone above or below, the phrases of 
three triplets being separated by a short rest. 

For the second time I had the pleasure of seeing a warbler whilst 
actually singing. The first 1 sdw sat still, devoting all its energy to its 
song; this one, on tho contrary, moved briskly about in an apple-tree, 
prying under the still remaining autumn leaves, and whilst thus busily 
scarefing for its food it kept up the continuous minor melody. On the 
28th March I noted a variation, as under : — 





This is the ordinary town song, varied in the second and third notes. These 
are usually semiquavers, both of the same pitch as the opening note ; here 
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they form a triplet, the middle note being a tliird below the others. Later 
in the season I noted the following : — 

n 


TMs, again, is the commoner song in triplets, varied by the omission oi the 
thnd note of two of the triplets and the dropping of the third note of the 
third odd triplet, as above. The dropped note, /, in the above is usually 
softer than the others, so it may be that in cases where the notes appear to 
be omitted they may be only very subdued. I heard on the 27th March 
a call and reply which, from the pitch of the notes, then* quality, <ind the 
appearance of the birds, I took to be warblei*s’ : — 

2sycL 

12 

CctZJL JR/epl^ 

I saw the bird uttering the call, and heard the reply several times before 
the second bird appeared. They sat together on the same bough for a few 
seconds, and then flew ofl without giving further notes of identification. 

I visited the Stony Bay bush again in December, 1910, and several 
times heard the warbler open its song with the faiitaiVs tweet-a4weet, oi 
tweet-Ortioeetj tweet, tweet-a-tweet-tweet. I again saw one whilst actually 
singing, and it behaved as described with variation (2) in 1908 Transactions. 
The song usually lasts about five seconds ; I heard one that went on for 
eight, and one for twelve seconds. 

I heard several parrakeets in the {Stony Bay Bush this year — December, 
1909, and January, 1910 — ^but only one new note, a quick chuckling cry, 
uttered when the bird was at rest in a tree : — 


3 


Moreporks were also plentitul. One evening I heard two crying together, 
ihe sounds came from the same direction, but I could not say if the birds 
were together. The one emitted the ordinary cry of More-pork,” a flat 
to g; the other repeated / :~ 







.. - 



On tie evening of Ciristmas Day, 1910, I teard the foUowing calls 


Cfv-reh kou kou 
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This (4) was a slurred cry, vibrato, and sounded like gnek (German jj. 
Mowed by Lou Lou ; (5) differed in the first cry. No. (6), Mowing, was 
many times repeated, at intervals ol about five seconds, the full cry of 
four notes being uttered in one second. There was a trace of vibrato, 
almost making the cry bou Ltou instead ot lou Ion. No. (7) varies the 
opening of (1) in pitch . - 


^t>a. 




K(CM kou /cotikou 




gwx 


J M 3 


Wekas were plentiful, their call varjing considerably in pitch and in- 
terval. I noted the iollovdng difierences in December, 1909 . — 




gVCL 



grcL 




The following, sounded when the biid appeared to be running off, may be a 
danger-cry - 





I this year heard the “ diumming ” soimd emitted by the weka. It 
has been described as the sound made by knocking the head of an empty 
cask; it may also bo described as the pizzicato of a double-bass violin. 
Sometimes, however, the note was sustained : on one occasion each note 
lasted for two seconds or more. 

On the 2nd January I was particularly struck by the resemblance^of 
some of the thrush’s opening notes to the ordinary call oi the weka.jp 
had noticed this apparent imitation in the bays before, but not, so far asjl 
can remember, al)out Christchurch. On several occasions I thought a weka 
called, but the call continued into a song, and 1 recognized my friend the 
thrush. I noted the following openings (all three were followedj[by full 
songs) : — 


h 











It will be noted that in one instance (c) the inteival and pitch are^exactly 
the same as the weka-call (5) above. 
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The hell'bird was either silent oi there were very few in the bush this 
year : during a week I lieard it only on one day, and thou only four times. 
Neither was the tui so often hejird. I noted that this year the guttui*als 
were again T^ree Iraw krurr, not tiu tiu aun. 

At the end oC 1910, however, both tui and bell-bird wore in exquisite 
song. This year the sweet explosive »iote (5) was d instead o£ /, and the 
bell-beat of (1) was (j instead ol h flat. The soujhI (tun <xurr was constantly 
repeated, many times in succession. I saw one bird singing the soft bub- 
bling song between the aun sounds ; its neck was outstret(‘hed, and the 
notes wore soft, and highly pitched as a wren's. 1 was unal)lc to dis- 
tinguish any intervals— the notes glided one into the other ; and there was 
little range — certainly not two tones. On tlie 25th December I heaad 
two notes possessing a new quality : — 



^ J>/u efiu 


These notes bubbled like water running from a bottle, but they were melo- 
dious, and resonant, almost as a short string would be. On the 26th a 
tui kept up for several minutes an incessant tn trr tn, a dulled sound, some- 
what like a cork being turned in the neck of a bottle. The sweet slur ( 2 ) 
was this year from <7 to /, and had a sound that may be represented by the 
letters tweeah The following song was very common, all the variations 
being noted on the one day, the 26th December, 1910 



The usual song was as in No. ( 12 ), the concluding note being at times tj 
and at times c. Often the concluding <j was dropped au octave to the 
ordinary treble g ; thk was made quite evident whei] a high g followed 
the dropped note, as in No. ( 11 ), The last g had a sound like (jug, but 
was very clear, open, and bell-like ; it was separated from the preceding 
note by a pause twice as long as that note. Nos. (13) to (16) are simply 
variations of ( 12 ). It sounded curious to hear the krau breaking into the 
bell-like chime, as though the bird were clearing its throat (16). The effect 
was rather disagreeable ; otherwise the chime is most beautiful. The 
usual song (12) occupied about a second and a half in utterance. On the 
27th December the following was noted : — 
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These tliree notes were full and deep, like a muted harp. The folloA\dng 
is a variation of the usual bell note : — 



yfJw Aran kmr 


Here each note was followed by a very light note, just audible, im octaves 
higher. The bell notes were this year followed by livavo Jcrurr, with 
the following occasional variations : — 


20 

^ Kree kree Ararr krurr 

Here the notes inserted give the relative duration of the sounds. The 
sweet bubbling song was again heard. I took down the following : — 




A curious cUck often broke the song ; or an explosive note, a sweet d, an 
octave lower than the bubble, would burst out, as though the bird were 
quite unable to suppress the full sweetness of its song altogether. 

Thi? year the vesper bell (7) was g d, g d, each pair being uttered in a 
second , the bell-like rone was perfect, most delightful to hear. 1 heard 
it on 28th. And on that day, too, 1 saw two tuis in a totara, the one 
wooing or cajoling the other. The wooer sang the chime of (12) closely 
at the ear of his companion, following it ^vith the high soft notes — 





2Z 



This was sung in a very subdued mamier ; and, as the silent bird retreated, 
the other, singing, followed it flutter by flutter over short distances. Its 
cajoling was unsuccessful, however, so far as my observation went, for the 
one so sweetly persecuted flew off. 

The high-pitched song was also varied as follows : — 



The break in the song, which was almost vocal, was occupied by a sound 
which could be very well represented by the words nutcracker. 
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I still found tlie notes of the bell-bird the most difficult of all to catch 
chiefly because they are so quickly ultored that 1 lost the first note by the 
time the last was sounded, and also because the pit(‘h varies so consider 
ably. The following songs were repeated at intervals on the 25th l)e 
cemher ; it occupied little, if anything, over a sec'ond in uitenincc^ 



^ Tiu hu ec aircmr 


$ 

No. (8) was a very cheery song ; and it is, like most of the notes ol the' bell- 
bud, much nearer a whistle than the bell-likc' notes of the tui; indeed, so 
far as I have heard, it is the tui that should hc^ called the bell-hird. 


3 



In this song (9), there may be a drop to the b as there is to the b of (7) ; 
I could not distinguish for certain. As may be seen by the vocalization, 
however, the b of the two songs has each a different quality, the latter bc'ing 
much richer : whilst (7) is a whistle, (9) has more of a mellow flute sound ; 
and the prolonged final d has certainly the suggestion of a sweet bell. 

On this day, the 25th December, 1910, 1 hoard a duet between a tui 
and a bell-bird. They sat in the same tree, a totara. The iui would beat 
his four or five beU notes, when the bell-bird would at once start the 
phrase (9), the aurr mn of the tui forming the undersong. Sometimes 
the bell-bird allowed the mrr aurr to go unaccompanied. 

On the next day I heard a variation of No. (6) : — 


^ 7}aiiaeehiiuf/aeehoo 



This variation (10) occupied a second and a half, perliaps less, in utterance. 
No. (11) introduces a very high note. 

On the 28th December 1 heard a variation of (5), the twilight call to 
rest. Two or more birds joined, the combined chorus making a groat 
noise. The sound was somewhat like the rapid unwinding of a fishing- 
reel The variation runs as follows : — 



After hearing this call I left the darkening depths and sat at the edge 
of the bush to hear the last sounds. On most evenings the thrush was 
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exceedingtv voluble, and I often almost anathematized the song that 
otherwise I so like to hear : it was out of place in the native bush ; the 
thrush was an interloper. On this evening all was quiet at 8 o’clock, 
but at 8.15 a tui broke into the following pretty melody : — 


24 



The first two notes were loud and slurred ; the following part was the 
bubbling song, its final a flat being drawn out, softening away into silence. 
A tui answered with (14a), omitting the aurr aurr, and dwelling longer on 
the final d ; another answered with Icree kraw hrurr^ whilst from a fourth 
came the full song of (12). That was the last sound of bird-song : the 
fantail, said to be the last bird heard in the evening, had ceased long 
since. Moths had begun fluttering in the deepening twilight, and low in 
the grass beetles kept up a most audible underhum on / (bass), some flying 
high and occasionally striking the leaves of the trees with a loud tap. A 
few drops of rain were falling, but, few as they were, their beating on the 
thousands of leaves emitted a faint murmur as of wind ; but the leaves 
were quite miruffled ; there w^as no wind whatever. At 8.35 came the first 
cry of the ruru ; and at 8.40 a weka prophesied rain, which came heavily 
before morning. 

On the 27th December I noted a variation of the song of the yellow- 
breasted tit : — 


Z 



and one on the 25th : — 






On the last day of 1909 I heard a new call. The note was much louder 
and shriller than any I had heard before, and I at once set ofl in the 
direction of the call, so as, if possible, to catch a glimpse of the new-comer. 
I located it high in a totara, and heard the call several times before 1 actually 
saw the bird. I at once concluded it was a cuckoo, a conclusion confirmed 
by subsequent correspondence with Dr. Fulton, of Dunedin, to whom 1 
sent a description of the bird and its call. The bird appeared dark grey, 
long and thin, with long pointed beak, and when on the wing it looked like 
a flying cross with depressed arms. Once, as the bird left the high branches 
of a totara, its tail, which seemed about a foot long, was spread fanwise 
for a few moments. It was a long-tailed cuckoo {tfrodymmis faitemis — 
koekoea). and my inability to distinguish its colour-marks was due to the 
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height it mainiainod when I saw it, and my own inyopic oyoK. The call 
was most di8tinctiv<‘ : - 


2 


It opened on a sustained and swelh‘d (j sharp, whicli was deliberately slun'ed 
up to on which it abruptly ended, as represented in (1). I fancied 1 
could hear an overtone of an octave iii the f/, but as the note impinges 
very shrilly on the ear, with a burnng tlirob somewhat like that produced 
by two dissonant whistles simultaneously sounded, 1 conclude the overtone 
to be either not quite an octave or a little over the octave — a semi- or 
quarter-tone one way or the other. In ruder similitude, it sounds as tliough 
the bird has a ver\^ quickly vibrating pea in its whisth'. irapponing to 
snap a dry branch with a sounding crack, ofi Hew th<‘ cuckoo, uttering 
the danger-cry shown in (2) above. These notes are simple wliistles, 
sounded in quick legato— that is, the notes blond without being slurred. 
I saw the bird several times afterwards, ]>ut never very clearly. Once 
two birds sat high in a totara, when I heard the subdued conversational 
notes — 
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On the 3rd January, 1910, I heard the cry (1) from a clump of bush 
at the head of the Little Akaroa Valley, several miles distant in a direct 
line from the Stony Bay Valley, so that this year the cuckoo was not un- 
common on the Peninsula, though I was told it was several years since one 
had been seen in the Stony Bay Bush. 

The cuckoo was again present in Deccml)(‘i\ 1910. I heard it only 
on two or three o(*casious, and on one of these the (*all was (j slurred to b : — 

I secured a pretty variation of. the song of the supposed hedge-sparrow 
recorded in 1908 ; — 



I record it as it has been suggested that the bird may be a native — ^the brown 
creeper {FimiMa «ovae-2!eZa%d!tae---toitoi) — ^though I am doubtful. 

Fantails and ^ey-warblers have been very plentiful in the eastern parts 
of Ohxistchuxch this season ; wax-eyes not so plentifuL I have never before, 
in the bush or elsewhere^ heard the fantail so full of song as during April 
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and haK of eacli moutii before and after. Previously! bad rather a poor 
opinion of the bird as a songster, though a high opinion of him as a cheery 
companion. I can tlioroughly appreciate the choice of Maui, the Run-god, 
when he induced the small birds ot the forest to accompany him on his 
last and greatest adventure — the conflict with the Gi’eat Woman of Night, 
the Western Darkness. And it is said that it was the laughter ol a cheery 
fantail that awoke the Woman of Night to a sense of her danger — alas for 
Maui ! On the morning of the 6th April, 1910, I awoke at the day-spiing. 
and a fantail was singing vigorously just outside my bedroom-window : — 


The notes were still the constricted, almost vocal somids previously de- 
scribed, excepting the high c, which w’as nearer a sweet, pleasant whistle. 
Easter thoughts and feelings permeated all things, and the fantaiPs song 
at once canied me back to the days when, as a boy, Good Friday morning 
meant tea and hot buns in bed before getting-up time. I can well remember 
l}dng dozing, wailing to hear in the street outside, ‘‘ Hot-cross-buns — 
ting-a-ling, ting-ting, ting-a-ling.” This fantaiPs song was exactly hke the 
ciy and bell of the H.C.B. man. I listened to it with pleasure for some 
time : sometimes it opened with the common tiveet-a-tweet-a-tweet, sometimes 
directly on g. I heard a much more Irequent variation of this song many 
times during the autumn : — 



Here the lower notes were all g, the first two followed by a quick slur up to 
c, resulting in a pleasing variation ol the tweet The high notes e were 
almost invariably much softer and of less volume than the lower /, p. or <j. 


Art. LVII , — Chi Gentroidal Triangles. 

By Evelyn G. Hogg, M.A., F.R.A.S., Christ's College, Christchurch^ 

[Bead before the Philosophical Institute of Canterbury ^ 7th December, 1910.} 

1. Let the side BO of any triangle ABC be divided internally in the point 
X' and externally in the point A' in the ratio p : q ; let CA, AB be 
similarly divided in the points Y', B' and Z', O' respectively. The 
triangles X'Y'Z', A'B'O' are termed “ centroidal " triangles, inasmuch 
as the centroids of these triangles are coincident with that of the triangle 
of reference ABO. 
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The co-ordinates of the points X', Z' are respectively 

wliere A = ^ being the area of the triangle of reference. 

The co-ordinaces of the points B', (7 are respectively 


where /x = 


2a . 
2>-9 


It follows that the co-ordinates of the centroids of the triangles 

X'T'Z', A'B'C are which are those of the centroid of the 

triangle ABC. Since this result is independent of p and q we see that 
all triangles foimed in this manner are co-ceutroidal with the triangle 
ABC. 


Let now the sides Y'Z', Z'X', XT' be divided in Xq, Yy, Zy so that 
Y'Xy : XyZ' = ZTy : Y^X' = X'Zy : Z^Y' = p \ q, 
then the co-ordinates of the points Xq, Yy, Z^ are respectively 

( ‘ivjpg 1^ /*'9^ 2y^)g vp^\ [vp!^ vq^ SvjpgX 

i ’ Tr Vir» Tr 


where v = 


^ 2a 

p + a (i> + 9)"‘ 


Hence the triangle XoYqZo is also co-eentroidal with the mangle ABO. 
This result also bolds for a triangle snnilaiiy formed by dividing the 
sides of the triangle A'B'O', and the process may evidently be continued 
indefinitely. 


2. The following simple relations may be easily proved : — 

If A, A’, A, be the areas of the triangles ABO, X'Y'Z', A'B'O' 
respectively, then 


A' =l'!zi!i±9! A 
0> + 2)“ 

If A' = iiA, the minimum value of n is in which case p — q, and 
the triangle X'Y'Z' is the medial triangle of the triangle ABO. 


The triangles AY'Z', BZ'X', OX'Y' are equal in area, the common 
value being A. 

The triangles AB'O', BO' A', CA'B' are equal in ax‘ea, the common 
value being A. 

The centroids of the triangles AY'Z', AB'G', as the ratio p : q 
varies, lie on straight lines parallel to BO and bisecting AG, where G is 
iihe centroid of the triangle ABO. 

The middle points of the sides of all centroidal triangles lie on the 
sides of the medial triangle of the triangle ABO. 
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If the sides of the triangles X'Y'Z', A'B'O' be respectively n', y', 
and a\ V, c' 

If pif Pj, p, be the perpendiculars from G on the sides of a centroidal 
triangle, and^', 7 )", p"' the perpendiculars on those sides from. A, B, 0, 
then 

7h _ ^ _ i> 
y i>'' i>'" 

The equation of the circle circumscribing any centroidal triangle is 

(A. — 1)(A*" — 1) ado (fl/3y + bya + Ca^) 

+ A. {aa + b^ + cy) [aa [a^X. -|- + c^) + b^ (n^ + b^k + + cy (a-A^ 

+ + c^A)] = 0 , 

and the radical axis of this circle and of the circle ABC envelops, as A 
vai’ies, the conic 

(a* - ib^c^) aV + {¥ - 4cV) 6 ®/? + (c' - c V 

— 2 (2a^ + b^c^) bc^y — 2 4 - c^o?) cayo. — 2 (2c* + a^b^) aba/B = 0 . 

The locus of the symmedian point of the triangle AY'Z' is the curve 
26c (cj8® 4- 6/) — c (c® — a^) pi^y + 6 (a^ — 6®) jSy® = ahod^y. 

3. The equations of the lines B'O', O'A', A'B' are respectively 

L' ~ pqaa + (fhp + p^cy = 0 
W = p^aa + 6 ^ 4 qHy = 0 

N' = 2®att + p®6^ + •pqcy = 0 , 

while those of Y'Z', Z'X', XT' are respectively 

Lj = — oa + + p®cy =» 0 

Ml =• p^aa — pg 6^ + (^cy = 0 
Ni = (^oa + p^h^ — pqcy = 0 . 

Hence as the ratio p : q varies, the lines L', Li; M', Mi; N', Nj envelop 
respectively the parabolas 

S' = aV — 46cj8y = 0 
S" = b^^ — 4cc^ya = o 
S'" = cV - 4a6a/3 = 0 . 

The points of contact of L' and Li with S' are respectively 

/ y q^\ f \ . 

V““ IT* X' Xy V « ' C J ’ 

hence the sides of any centroidal triangle are divided internally and 
externally in the same ratio at the points in which they touch their 
enveloping parabolas. 
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The lines L', Li intersect on BO ; Mj intersect on CA ; and Nj 
intersect on AB. Calling these points of intersection A", B", iT respec- 
tively, we have for the equations of the lines J3"0", 0"A", A''B" 

L" ~ i^(faa 4- 4- <l^oy = o 

M" ^ //W + = 0 

N" r.- p^aa + q^bf^ *4 p^q^y - o. 

Compaiing the equations L", M'', N" witii those of I/, M', N' we see 
that the triangle A"B"C" is a centroidal triangle formed by dividing the 
sides of the triangle ABC in the ratio : p^. 


The area of the triangle A"B"C" is given by 


A" 


pi 4- paga ^ gi 


and therefore the areas of the triangles A"B"0", 
ABC are connected by the relation 


a" . A == A' . A,. 


A'B'C', 


XT'Z', and 


If BC, CA. AB be divided internally in X", Y", Z" so that (A"BX"C), 
(B''CY"A), (C^AZ'^B) form harmonic ranges, we have a fourth centroidal 
triangle X"Y"Z", inscribed in the triangle ABC, the equations of whose 
sides, Lj, Na, may be formed from L", W, N" by writing — cf for in 
the latter equations. 


4. Let P'Q'E^ P"Q"R", P^Q^R^, PaQjR 2 be respectively the poles of 
L'M'N', L"M"N", LjMiNjL, LaMaNa with regard to the triangles. 

The co-ordinates of P'Q'R' are proportional to 

( 1 . ± ±-\ (1 JL iWJL JL ±\ 

Kapq' cjp2/» \ap^* bpq* cq^J * vag®’ 6j)*’ 

These points are the vertices of the triangle formed by tlie lines 
AX', BY', OZ' ; as the ratio p ; q varies the loci of these points are the 
ellipses 

Sj = — befty = 0 

Sa = — Caya = 0 

Ss S — aba^ = 0 . 

The lines AP', BQ', OR' will meet 8 ^, S 3 , Sr respectively in P^, Q^, Rj. 

The position of Pj may be found by observing that (B . AP'OP^) is an 
harmonic pencil. and may be found in a similai’ manner. 

The lines BB', 00' meet in Pa; CC', AA' in Qa; AA', BB' in Ra. 
P", Q", R" may be found from P 3 , Qa, R^ in the manner employed to deter- 
mine P^Q^Ej^. 

The four triangles P'Q'R', P"Q"R", PiQ^Ri, and PaQaRs have their 
centroids at the point G. 


5. The lines L', may be respectively written 

L' s pq(aa^bfi + oy) - (p - - pcy) = 0 

Li = -pgr (aa + ijS 4 Cy) 4 (p 4 = <>• 

The equations of AX', AA' are respectively 
pbp — qGy = 0 
pbfi 4 qcy ^ 0 . 
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Let Hues drawn through A, B, 0 parallel respectively to L'M'N' meet 
the opposite sides of ABC in D'lS'F'. The equation of the line-pair 
AX', AD' will be 

— qcy){qb/3 — poy) = o 
pq (6®^® -I- c® 7 ®) - (p® -t- gS) bcfiy = o. 

Hence the six points X'Y'Z', D'E'F' he on the conic 

8^ = pq {a^a^ + b‘fi^ + cY) 

— (P* + 2*) (^^7 + caya H- abafi) = o. 

We now proceed to show that this is the Steiner ellipse of the 
tnangle X'Y'Z' — t.e., the locus of points whose polars with respect 

to the triangle X'Y'Z' pass through the point G. If i be substituted 

for a, )8, y in Lj, Mj, Nj, these quantities have the common value 
p® — pq + 2® : hence the equation of the Steiner ellipse of the triangle 
X'Y'Z' may be written 

1 , 1,1 * 

Li Ml Ni ~ 

This on multiplying out and dividing by the common factor — pq 
4* reduces to S^. 

Let lines through ABC parallel to respectively meet the 

opposite sides of that triangle in Then the six points A^B'C', 

lie on the conic 

So' = pq (a^a^ + 6^/3^ + c^) 

+ {p^ + q^){^oj3y 4- + abajS) = o, 

and this conic is at once shovyn to be the Steiner ellipse of the triangle 
A'B'O'. 

The envelope of the Steiner ellipses of centroidal triangles, as the 
ratio p : q varies, is 

(aa+ b/3 + cy)^ (V ^ aa + bj8 + Cy) = o. 

6. The circum-circle of the triangle AY'Z' 'will for all values of the ratio 
2J : q pass through a fixed point. The equation of the circle in question is 
p [ — 6 ^) I3y + CUa^ — bcy^l 

“ 2 [(^ Py + bc^^] = 0. 

Hence this circle passes through the intersection of two fixed circles, 
which may be written 

ifS />yL =s 0 
r/S — C/8L = 0 

where S s ct^y + bya + ca0 and L = aa + + ^y* 

The former of these circles touches AO at A and passes through B ; 
the latter circle touches AB at A and passes through 0. The radical 
axis of these circles is 0^8 — 6y = o, and this line meets the circles again 

in the point H' 

Hence since Y'Z' envelops a parabola S' which touches AY' and 
AZ', and the circum-circle of AY'Z' always passes through a fixed point 
H', that point must be the focus of S' = o. 

Similarly it may be shown that the foci of the parabolas S', 8" are at 

the points H" (a^ , H'" b, respectively. 
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It is seen by inspection that if K bo the syminedian point of the 
triangle ABO, then B', H", lie on AK, BK, OK respectively. 

The trilinear ratios of the middle point of the chord of the circle 
AJ^O drawn from A through K are 

( 26c COB \ j \ 

~ ’ '■) • 

Henco we see that the three foci TI'', IF' lio on the Brocard circle 
or circle having as its diameter the line joining the centre of the circle 
ABO to the symmedian point K. 

If F be the centre of the circle ABC, then H' lies on the circle whose 
diameter is AF — viz,, the circle 

(cjS + hy) L — 2(1 S = 0 , 

It may also be shown that the four points BCFH' are coney die. 

If the tangent to the circle ABC at A meets BO in T, then H' is the 
foot of the perpendicular from A on FT. 

The equation of the Brocard circle may be written 

and it is easily seen that it is satisfied by the co-ordinates of H', H", 
and H'". 


7. If 8^, 8a, Sa be the medians drawn from A, B, 0 respectively to the 
middle points of the opposite sides of the triangle ABO, then the semi- 
latera recta of S', S", S'" are respectively 

^ ±2 A* 

where a is the area of the triangle ABO. 

Also, = = ^ 

whence AH'* = BH'. CH'. 


We have 


AK = 


6202 


6c 

2;(a3| 


28, 


and therefore AH' . AK = , 


2(a2) 


Hence if T', T", T'" be the lengths of the tangents from A, B, 0 
respectively to the Brocard circle, 

rtT' = &T" =■ cT'" = -^=r. 

The directrices of the parabolas S', S", S'" are respectively 
Dj = a cos Aa — — &y - 0 

Da ~ — ca + ^ cos Bj8 — Oy = 0 
Dj = — 8a — fltyS + c cos Oy « o. 

From the form of it is seen that it passes through the point in which 
the tangent at A to the circle ABO meets BO. 

Let the vertices of the triangle formed by D,, be 
The equations of the lines AVj^, BVg, CV# are respectively 

P {ca + 8* cos B) — y {ab -h c* cos 0) * o 

y (ab + c* cos 0) — a (8c cos A) = o 

a (8c + a* cos A) — jS (ca + 8* cos B) = o. 
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Hence the triangle ViVgVs is in perspective with the triangle ABO, the 
centre of perspective being the isogonal conjugate of the point 

[(pc 4- cos A), (pa + cos'B), {ah + c® cos 0 )] , 
which is the centre of the Brocard circle. 

If Pi, Ptt, Pb be the lengths of the perpendiculars from Vi,Y3,Y3 respec- 
tively on the opposite sides of the triangle ViVaV.,, then 

= P2^2 ~ JpA* 

the common value of these products being 

i [S (a®) + D-* (1 + cos A cos B cos 0 ) 1 . 

If 6^, CjL be the lengths of the sides of the triangle Y1V3V3, then 

= P^fh = P^CLi‘ 

Hence the sides of the triangle formed by the directrices of the three 
parabolas S', S", S'" are proportional to the medians of the triangle ABO. 


8. Writing X for ~ we have as the equations of the sides of a ceiitroidal 
triangle 

Cy X aa + bjS s= 0 
X^ aa + X 4“ Cy = 0 
X^ 4“ X Cy 4- “ 0. 

Let the condition now be determined that a triangle (A3B2O3), the para- 
meter of whose sides is Xg, may be inscribed in a triangle (A^Bj^Oi) whose 
sides have the parameter X^. 

Solving for the equation of the sides O^Ag, A^Bg for the co-ordinates of 
the vertex Ag we have 

aa : : cy = 0 : — 1 : A3. 

Hence if Ag lie on B^^O^ we have the condition 

X^aXg^ 1. 

The same condition holds that Bg and O3 lie on CiA^ and A^^B^ respec- 
tively. 

We may now find the locus of the intersection of the corresponding 
sides BjCi, BgCg 

XjL aa -f bj3 4- X^® cy = 0 

Xg Ca 4" 4" k/ Cy = Of 

and therefore 

aa : bp : cy — — (Xj^ 4" k^ • A^Xg : 1. 

Eliminating X^ and Xg between the above and the equation X^^Xg « 1 , we 
see that the intersection of corresponding sides (BG) lies on the cubic 

6®^ 4. c®y® 4 abcaPy = 0. 

Similarly the intersections of corresponding sides (GA) and (AB) lie on 
the cubics 

C®y® 4" n®a® 4 abcaPy = 0 
a®a® 4 5 ®^ 4 abcapy = 0 


respectively. 
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9 . Let D'E'!”, D"B"P" be two centroidal triangles, and let the two 
corresponding (EO) sides — i.e., those which touch S' =* o — meet in the 
point D (oo^oro) 

The equations of E'E', E'T" will be 

y^cy + /Vrta + = 0 1 

\”^Cy + W/a + ^ 0 1 . . • (l) 

when A.', are the roots of the equation 

)J^cy^, + hia , + 0, 

The sides P'D', F'JD" will be 

X'^cta + + fiy =s o] 

\”^oa+X’'b^+Cy ^o\ . . (ii), 

and the sides D'E', D''E" will be 

X'^b^ + X'cy + — 0 j 

X^'^bp + X’^cy + aa = 0 1 (iii). 

Let FD', E''D" meet in E, and D'E', D"E" m E. The co-ordinates of 
E are given by 

aa : hl 3 : (y = 1 ; - (X' 4 - A") : X'X", 
but X' + X" = X'X" = 

ty C 7 o' 

and therefore 



In the same way it may be shown that the co-ordinates of tlie point F 

Po, 7 «o)- 

, The equations of DE, BP, FD are respectively 
aa P, + 6/3 Qo -i- cy Rq « 0 
aa Bq + 6^ Pq + cy Qo « 0 
aa Qc ^ bp R^, -i- cy pQ = o 

where ^ Ro = oVo^ - chba^p^. 

Hence if the point {ajp^y^ he on any of the conics S^, B3, the sides 

of the triangle DBF will pass through the vertices of the triangle ABO. 

We also see that if {ajp^y^ lie on the curve / {apy) — 0, then E and F 

will lie on the curves / « 0 and ^ * o. 

If the point D {a^p^^ lie on the Steiner ellipse ~ + then 

the points B, F will also lie on this ellipse. In this case we have 
Pq • Qo • * ^'^Ao * ^o» 

and it may be easily shown that tihe sides of the triangle DBF touch this 
conic 

\/aa + ^/hp V^Cy = 0. 

If D lie on the conic Vaa + -f Vcy = 0, so also will the points 
E and F, and the sides of the triangle DBF will envelop the conic 

Vu + Vv + 

where Us~aa + 6^ + oy 
V = aa — hp cy 
W S aa -f 6)Sf — Cy. 
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10. The equations of the sides of the secondary centroidal triangle 
PQR formed by joining the points of contact of L', M', N' with 
respectively are 

+ (p^ + 2jp<2 ) + iq^ + ^p‘q) cy = o 

and two others. 

Writing X = ^ we have 

+ ^\}cy + 3X^^?a + 2X6j8 + Ly *= 0. 

The invariants 1 and J of this quartic are 

I=:~. J = g(6a6ca^V - 1b‘^' - 2cV - tt’a), 
whence the envelope of the above line is 

(aV* + + c'y* — dcbbca^y){h'j^' H- c’y' — Bcibc a/Sy) = 0, 

whence we may infer that the envelope of the sides of the triangle PQE 
consists of the line at infinity, the point 0, ^ , and the system of cubics 

+ C^y^ — Babe a/?y = o 
c*7‘ + ctW — Babe a^y — 0 
aUK^ + — Babe a^y = 0 . 

11. The four common tangents of the conic S' := — ibc^y = o and 

the circle 8 ~ afiy + bya + ca^ = o form a cyclic quadrilateral. 

The equation of the locus of the pole of the line -X^cy + Xaa 4* =» o 

with respect to the circle S is the conic 

be (cy8 + 6y)® — {ay 4- ca){bp + aa) - 0 , 
which may be written 

4- be = 0 

where l^^oa -h c/3 + by = o 

= L - (6 - c)(^ - r) = 0 

^aa — — 6y = 0 

ZzL - (6 + c)r/3 + yl = 0, 

L being the line at infinity. The first forms of and show that they 
each pass through the point T in which the tangent to the circle ABO at 
A meets BO. The second form shown that and I 2 are parallel respec- 
tively to the internal and external bisectors of the angle A. 

The tangents to S at the points in which it is met by and are the 
common tangents of S and S'. 

The line will always meet the circle S in real points ; the line 
will meet it in real points if > 4:6c. 

If two chords of a circle are at right angles, the tangents at their 
extremities form a cyclic quadrilateral ; hence since and Zg are at right 
angles to each other, it follows that the common tangents to S and S' 
form a cyclic quadrilateral which is real if a® > 46c. 

If = 46c, the parabola S' and the circle S touch each other, the line. 
1 1 being the tangent at the point of contact. 

The equations of the four common tangents of S and S' are 
[a (a® - 46c) S 4- 6c Z^®] [a (a.® + 46o) S 4- bcl^^ = o. 




679 


IlTDEX. 


AUTHORS OF PAPERS. 

PAGE 

Adkin, G. L. — The Post-tertiary Geological Hiblory of the Ohau Kiver and of the 

Adjacent Coastal Plain, Horowhenua County, North Island . . . . 49(5 

Andebsbn, J. 0. — Now Zealand Bird-song . . . . . . . . . . (>66 

„ The Vei’bo-unit . . . . . . . . . . . . 150(5 

Annandalb, N. — Description of an Uiidescribcd Barnacle of the Genus Scalpdlum 

from New Zealand . . . . . . . . . . . . . . 104 

Aston, B. C. — ^List of Phanerogamic Plants Indigenous in the Wellington Province 22P 

Bell, N. M. — On the Velocity of Evolution of Oxygon from Bleaching-powdcr 
Solutions in Presence of Cobalt-mti*ate, and the Modifications produced by the 
Addition of various Compoundb . , . . . . . . . . 26 

Benham, W. B.— -Stollerids and Echinids from the Kermadec Islands . . .. 140 

Broun, Maxtor T. — Additions to the Coleopterous Pauna of the Chatham Islands 92 
Buddle, R. — ^Maori Rock-engravings in the Kaipara District.. .. .. 596 

Cause, H. — On the Flora of the Mangonui County . . . . . . . . 194 

Chbbseman, T. F. — Contributions to a Fuller Knowledge of the Flora of New 

Zealand ; No. 4 . . . . . . . . . . 178 

„ New Species of Plants . . . . . . . . . . 175 

Chilton, C. — ^Note on the Dispersal of Marine Crustacea by Means of Ships , . 131 

„ Revision of the New Zealand Siomatopoda . * . . . . 134 

„ The Griiiiacea of the Kcrmadcw Islands . . . . . . 544 

CooKAYNB, L. — Some Hitliorto-um'ecordod Plant-habitats (VI) . . . . 169 

„ (and Speight, R., and Laing, R. M.). — The Mount Arrowsmith 

District ; a Study in Physiography and Plant Ecology . . 316 

Cotton, C. A. (and Marshall, P., and Spbigitt, R.). — The Younger Rock-series 

of New Zealand . . . . . . . . . . . . . . 378 

Cottrell, A. J. — Anatomy of Siplionaria dbliquata (Soworby) . . . . ^82 

Eastbbpield, T. H, — Studies on the Cliemistry of the New Zealand Fora. 

Part IV : The Chemistry of the Podocarpi , . . . . . . . 53 

Fabquhaeson, R. a. — T he Platinum Gravels of Orepuki . . . . . . 448 

Fabr, C. 0. (and Macleol, D. B.). — ^Further Experimonts on tlie Intiucnce of 

Artobian Water on the Hatching of Trout . . . . . . . . 56 

Farrow, F. D. — Depression of the Freezing-point of Water by Carbon-dioxide in 

Solution . . . . . . . . . . . . . . . . 29 

Hamh/pon, H. — Notes on Entomological Collecting Tours during the Seasons 

1908-9 and 1909-10 115 

Henderson, J. — On the Genesis of the Surface Forms and Present Drainage- 

systems of West Nelson . . . . . - . . 30(5 

„ The Coalfields of West Nelson ; with Notes on the Formation 

of the Coal . . . . . . . . . . • . 297 

Hilgbndorf, F. W.— On Some Clalyptoblast Hydroids from the Kermadec Islands 540 
Hill, H. — Napier to Runanga and the Taupe Plateau . . . . . . 288 

„ Rotomahana and District revisited Twenty-three Yonrs after the 

Bniption . . . . . . . . * • • • . . 278 

Hogg, E. G. — On Centroidal Triangles . . . . . . . - . - 069 

Howes, G. — ^New Species of Lepidoptera , . . . . . . - • . 137 



680 


Transactiov^. 


PAui: 


Kirk, K. B. — Si»onf«os oolleotecl at the Korm*Ml (‘0 Island'- by Mr. \V. II. H. Oliv'cr 
Lvinq, II. M. — The Kc<liRCovery of Ranunculus rritlnuifolius Hook. t. . . .. 11)2 

„ (ainl CocKAANR, L., and Si»FiaiiT, II.).- Tli<‘ Mount Afro\^ smith 

Distriet : a Study in Phyhiojjrraphy and Plant bVolo;»y .. :iir» 

liVM'ASTEU, T. Ij. — Preliminary Note on the Funi^i ot Hie N<‘u Zimland Hpiphytie 

Orchids .. .. .. •• •• •• •• .. 1S(> 

MAf‘L\tiinN% d. S.— The P^^t-nol(‘d Oceurreine ot Penlathioiiie Aeid in Natund 

Watei's •• l> 

MacTjEod, D. B. — On the Bate of Oxidation of Acetaldehyde to Acetic Acid . . Xi 

,, (and Faiir, C. C.). — Further Kx])ei iinents on th(‘ rnthieuce of 

Artesian Water on the jratchinw of Trout .. .. 

Marshall, P. (and SpstanT, R., and Cotton, 0. A.). Th(‘ Youimer Kock-neries of 
Now Zealand . . . . . . . . . . • . . . 

Mattitevts, R. H. — Romimsoences of Maori Life Fifty Veal’s ai>o . . . . otJS 

Mrytitck, 15. — A Revision of the Clabsilicatioii of ^^e^\ Zealand Toifn’cina .. 7S 

„ Not(‘s and ‘Descriptions of N(‘u Zealand fjcpidopfoa . . , . AS 

Miller, D. — New Rpecies ol .. .. .. .. ..12.7 

Morg vx, P. (jl. — A Note on tho Structure of lh<‘ Southern Alps . , . . 275 

„ The Igneous Rocks of the Waihi Cold field .. .. .. 2.78 

Oliver, \V. R. B. — Notob on Roptilch and Mammals in the Kermadcc Islands , , 52.7 

„ The (Jeology of the Konuatlee Islands . . . . . . .72-1 

Park, d. — Some Notes on the Marlborough Coastal Moraines and Waiau (daeial 

Valley 520 

Petrtb, D. — Descriptions of Now Native Phaiu’rogams , . . . . . 254 

Smith, d. Crosby.— 'N otes on the Botany of Lake Hauroko District . . . . 248 

Smith, W. AV. — ^Notos on the Saddleback of New Zealand {Creadion canau ulatus ) » . 105 

Speight, R . — ±\ Preliminary Account of the Geological Features of tho Clirist church 

Artesian Area . . . . . . . . , . . . 420 

„ The Post-glacial Climate of Canterbury . . . . . . 408 

„ (and Cockayne, L., and L\inu, R. M.), —The Mount Ari’owsmith 

District : a Study in Physiography and Plant Ecology .. 315 

„ (and Marsh.ill, P., and Cotton, C. A.).— The Younger Rock- 

facries of Now Zealand . . . . , * . . . . 378 

STiTBBb, 0. M. — The Conductivity of Aqueous Hohilions of Carbou-dioxitlc prepar’d 
under Pressure at various Temperatures ; with Spt^ial R(‘feront‘e to the Forma- 
tion of a Hydrate at Low Temperatures . , . . . . . . 11 

StTNLEY, R. M, — Notes on tho Larvae of Home New Zealand Ij&pidopicra .. 129 

SuTBH, H, — Two Now Fossil Mdlusca . . . . . , . . , . 59.7 

Walsh, .\rchdbaoo:^. — ^T he Effects of the Disappeai’anee of the Now Zealand 

Bush . . . . . . . . . , . . . . , , 435 

Worth, R. H. — Petrological Notes on Rock Spocimens collected in South Victoria 

Land . , . . . . . . , , . . , . . , 482 

Wright, A. M, — On certain Changes in tho Composition of the Nitrogenous Con- 
stituents of Meat-extracts . . . . , . . . 7 

„ , Tho Chemical Composition of Meat-extract . , . . . . 1 


John Maokay, Gbvetnment Printi'r, TYellingtion, — Iflll. 



PROCEEDINGS 


OV 'rHb 

NEW ZEALAND INSTITUTE 

1910 


PART I 


EDITED AND PUBLISHED UNDER THE AUTHORITY OF THE BOARD 
OF GOVERNORS OF THE INSTITUTE 


Ititnii'i) IOfii Kefikmush, 1910- 


^SDeilington, 

JOHN MAOKAY, OOYjBBNMBNT PEINTINO OPFId*' 

Wm WjfittLKY AND Sons, 38 BfiBEX Btbskt. Stbawd, IjOXDO> \N.€ 




CONTENTS. 


PIIOC'EEDINKS. 

Wellington Philosophical S(Ki€t\: Moctinqs, kh May, -‘iOth \[,iy. anil 
ht Juno. 

Auckland Institute: Meetings, ]7th May, 6th June, and 4th July. 
.Manawatu Philosophical Socicti : Meetings, I7th March and Mst April, 
(liago luKtituto: Meetings, :{id Ma\, 7th June, and 5th July. 

Philosophical Institute of Ciiiiterbui*} : Meetings, 20th April, 1th May, 
Ibt Juno, and 6th July. 

Haiike’fi Bay Philosophical SocK'ty: Meetings, 27th May ,iud ‘J4th Juno. 

ABSTEACTS. 

1. Additinns to the Pish Fauna of New Zealand. 

2. The Phurinacologicid Action of Tutu. 

3. New Zealand Ctenophores. 

4. New Zealand Petrels, 

5. Gloljirephahii melas Traill. 

6. ilfsoplodoii howdoini Andrews. 

7. New Zealand Lichens. 

8. Maori Numeration. 




PROC'EEDINGR 


Ot I’HR 

NEW ZEALAND INSTITUTE. 

1910 . 

P.\ l!T 1. 


WBLI.INUTON PHILOSOPHICAL SOCIETY. 


FuifiT : ith Maih 1910, 

\ti. A Hnnjilt<ui, Prcsi^lont, in the chair. 

.VV// ilttuhf'n , — Miss Hrlyer, Mi. J. Marchbanks, Mr, K. C. Hay, 
Ml. 3. I) Cliniie, Mr M. N.‘Watt, and Mi*. 0. G. G. Berry. 

J/ofiorari/ Lift 'Member, ~Oii tlio motion of Professor Easterfield, 
seconded by the Prosideut, the following lesolution was carried unani- 
mously: “That this Society desires to place on record its appreciation 
ol llie valuubk* stTviccs of Mr, Thoiuas King during the term of his 
»Sc<.rot«aryship of the Society, by oh'oting him an honorary life memlier of 
tlie Society.” 

Tilt* President nniioiincvd that tJie Philobophical Institute of Canter- 
bury liad offered to supply members of the Society witli copies of its 
piiblieiition Tlic' Subuntarctie Islands of New Zealand ” at a reduced 
j>riee. 

The Ib'esident rcft*ne(l to the loss su^tained by the Society ovving 
to the deatli of two of its members. Mr. A, ?. Buller and Mr, G R 
Mariiner. 

Afhlresb — The Piesidem deliveied the folh^Ning address: — 

The Tarafua^.'-'Whi^n I addressed you last year at this time I suggested that 

should endeavour to open up the southern end of the Tararuas by cutting a 
tirack on the Quoin and establishing some kind of a camp there of a permanent 
nature. Early in the season, through the active co-operation of some of the 
members, a tent was erected in a suitable place just at the edge of a small piece 
of bush on the Quoin, and during the season it has been found useful as a shelter 
for several parties of explorers. Mr. Aston, who takes the greatest practical in- 
terest in this matter, has ascended several times, and has reported to from time 
to time* the (ondition of the track Toww’ds the end of the summer Mr W. H. 
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Field, member ol Parliament toi Otaki, a(<‘oiii pained Mi. Ahlon U> Mount Hectoi 
from the Kaitoke end, and ejime out at Otaki I wisluul him to hav(‘ a look at 
the Kaitoke end with a view to our eo opeintuio with him in his effoils to eat a 
^ood track from the Otaki side, foi whieh purpose a sum h.is lieim voted by the 
(loverninout. I beliexe that t.ln‘ Lands Oepaitmeiit has now ai;iee<l to undtMtake 
the expendituie ol this UriO on the track from tlie Olaln (joij^c tlirounh the bush 
at that end up to lli<‘ cleai land on Mount Denlmm. Thmi* is .ilso a biidiic bein^ 
placed acrohs the «ieelv at tlial <*nil. I hope that dmirii; tin* pies<‘iil sjmsou we 
shall be able to eompij'le anan^eniciits l»)r worKini; on oui mid ol the liatk in the 
way of eleaiiiin th<‘ pies(*iit track, s<; th.il hoiscs m,i\ lu* t.ik(Mi up with }Mo\isions 
or materiiils tor ereitmn a pmiiiaiieiit hut 'I’heic aic also soim* mu ill diilicnltics 
about the approaeli to the tiaik whnli 1 hope will be ^ol o\ci slioitl.v, and I think 
that this year the S(k iciy mii;lit voi(‘ a small sum lowaids the c\|uijs(‘ ol thsuinj; 
the approai'hes. In m,> last ad<li<‘ss I su«>i;(‘hted Hint we should jaideavoar bo ha\e 
a permanent hut eu'tted on lluapehu and anothei <m the 'r.d.ouas Sinu‘ then I 
visited Iluapehu from Uam>itaua, and £ am of tli(‘ opinion that tlimi^ l<> no tie(essit,\ 
foi us to take the luitialnt* in buildini> a hut on that side ol 11, e mouiilam : the 
people in the locality ha\e takmi the mailer up with so micli mj'oiii that in <i shoA 
time 1 think every netessai> t,u‘ilil\ will 1 h‘ pnwidod toi. \t pu'sent thmi* is \eiy 
little diflii iilty in lidiriu' to wilhiu a slioit distanee ol th(‘ siimmil. Thus leaves lis 
to devote our onergu^a to < o-opeiatini» with those who ais woikim; on the Taiavua 
tracks Iroin tlie Ot.iki side, and also with tliost* who aie woikini; witli a similai 
track from Maaterton .iiid the \Vaiiiirap<i. It theiefore »ippeai‘S tli.it ru‘\t simrmei 
wc may be able to say that the T’aiariia !Lrn‘;(‘ is open to the slndv t>l n.itmalists 
to a better degree than it has (wei been. 

The results of the small amount of eolleitmn on tin* (^uoiii ,ind the adjarent 
parts show that theie us .i v.ist amount ol luateiial ol a most iiileieslim; ihaiaetei 
ready to our hand. The (<»lliHtois who have been Iheie h.ne been well nwvaided 
in obtaining new species <it insects and new lecoids foi mun> Li The 

alpine insects aie so vciy local that as mieli tresh Hgimi of tli(‘ .dpiiic comitr> is 
examined wi* may exiiect hesh dus(‘o\eries and additions to om fauna and flora. 

In one of Mr. Aston’s pipers whieh will appear in the forthcoming volume of 
the Transactions theie is a useful map, iiuloitunately on a sin.ill scale, prepared by 
the Lands Department, showing the tracks upon the diftei\nt spurs, 

Mountuln OhMtratfuu'^. — Before leaving this subject 1 may say that 1 should 
like to see later on a small observatory built en Mount Hector at which self- 
recording instruments could bo installed for th(‘ purpose of making records 
during the wintor-time, mainly of the rainfall and bai'oinetric pressure. The 
amount of alpine rainfall is not sufficiently estimated in this eonnlry, as a rule. 
Owing to the destruction of the bush on the lower grounds wdih‘h retarded 
the descent of the water from the higher poriions of the watersheds, the rainfall 
now descends very rapidly, and in eouse(iuen<*e is liable to injiiri* tlie v.iluable land 
on the flat, to say nothiirg of the culverts, bridges, loads, &c. 1 saw a suggestion 

the other day that observations of this kind should be t.iken on Mount Figmont, 
as there weie facilith's for doing so at the present time at the mountain houses. 
This should eeHainly 1 k‘ arranged, uml observations Lilcen at the head- waters of 
all tho larger streams willi a view to getting a better undei standing of the water- 
power w'hich Will be viluable foi indu.slrial purposes when the qiu'stion of the 
narnessing of riveis lor elodih'al purposes is in a mor<‘ practical position. This 
question of an a<‘(’nratt‘ knowledge of Ihe i-ondition and amount of rainfall oyer 
given areas is perhaps even more unport.int to those in manufaeturing localities 
than a knowledge of the local weather is to the agrieulturisls and others who are 
concerned in the ripening .ind preservation of tludr crops. If electrical energy is 
provided for industrial purposes by water-power, we must have th(‘ knowledge of the 
probable rainfall, as well as the means of c*onserving and propel ly distributing the 
supply of water for the energy rei£uired. 

Comet, — Perhaps I may be permitted to make ono or two remarks on the 
subject of the comet, about which you will hear mom this evening, which may 
interest, and which I think are hardly likely to be made by any of the gentlemen 
who are speaking on this suliject. This brilliant visitor, known as Halley’s Comet, 
is generally regarded as one which has made many brilliant visits at various dates, 
and the visit of 1066 is recorded in the Saxon chronicle in the following terms : 
“ There was seen over all England such a sign in the heavens as no man ever before 
saw. Some men said that it was the star Cometa, which some men called the 
haired star; and it first appeared on the eve of Litania major, tho viiith of the 
Kal. of May [24th April], and so shone all the seven nights.** This was regarded 
after the event as William’s lucky star. 
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Oiclericus Vit.iJis (Book v, chap, ix) contains the following lines in reference 
to this lomet : 

HIston 'b annont annalh flx 
Th(‘ yi‘«n one thousand £»Ixty-si\ : 

Thru a flcij conu^t whiilcd 
Dicndtul omen, loiind the woild. 

As the time ^^llPll England’s loid 
Kell Ix'toie the Noi man’s swoid 

— KORDbTCR. 


Heniy of Huntingdon, in concluding his account of William the Conqueror’s 
reign, wiitos, — 

What though, Iiki (‘atsai, iiatiiie tailed 
To gi\e th\ hiow its taiu«t giaei ' 

Thv hilght eaieei a comet hailed. 

Ami nith liistie Mieathes thv taei. 

-Forest LR. 

Un one oi the first coins struck by William I there appears a star, and 
iiuthuiitics consider it possilile that this star was a representation of the visit of 
this comet, and A\as adopted as a distinguishing mark for that issue of the coinage. 

('hat ham Ihland ,^. — T still hope that we may be able to oiganize an expedition 
tor the purpose of studying the natural history of the Chatham Islands. At the time 
when I first brought this L)efor(‘ you wo w^ere unable to get the co-operation of the 
othei scientists in Now Zealand, mainly because they wore engaged in working up 
the material which they had accnmulaled in the visit to the Auckland and Campbell 
Islands; and yon will no doubt have seen the two volumes w^hich have been issued 
by the Philosophical Institute of Canterbuiy containing an account of the expedi- 
tion and the scientific results. We must all' join in the congratulations which have 
been offered to the editor, authors, and printer on the satisfactory result of their 
labours. I hope it will not be long before we shall h.ive a volume of the same 
<‘haraeter on the Chatham Islands. 

Lihrari /. — And now a few w^ords with regard to a matter which requires atten- 
tion in the affairs of the Society itselt. We hav(‘ in this room a very considerable 
numhei of books, and we subscribe as a Society to about twenty periodicals, and 
I think we should take steps to raak<‘ provision for the proper binding of the 
numbers as soon as the year is complete. I think w^e have not expended any money 
in this direction for some considerable time. A year or tw'o ago I was fortunate 
enough to get some binding done by the Government in the library in general, 
and possibly some of these periodicals may have been bound at that time; 
but it would be better if there were some general instructions to the effect 
that a certain amount of money should be expended on binding in each 
year. You may recollect that last yi»ar I drew yom* attention to a scheme 
which I had under discussion for the purpose of making the libraries of 
the blanch Instil utes luailablc 1o students. Thcic has been a good deal 

of cori<*bpondence on the niattei , ,ind there are some points still to be decided 
upon: but one c*f the main objects of the scheme has lieen attained, and it is now 
jiossible tor an\ member of this Society to borrow^ from any of the other libraries, 
if they happen to possess it, any hook that is not in this librarjr that may be 
lequirecl by the member for the purpose of scientific research. This arrangement 
is, of coin.se, subject to certain risstrietioiis which are absolutely necessary, and 
which no reasonable person w’ould dream of objei’ting to. The other main point 
w'hich has not yet been settled is the question of a joint card catalogue. This 
entails prcpaiation by an export, and should he as far as possible uniform. The 
<luestion of the cost has not yet liecn settled, and I am trying to find the cheapest 
and b(*st way out of the difficulty. This catalogue should be compiled on the same 
basis by all libraries, and, altliough this may appear to be a simple matter, it 
has its difliculties. It is only, however, when this catalogue is satisfactorily made 
that we can proceed to consider the question of how far w’e can effect economies 
in the purchase of books. This is not, apparently, a burning question at the present 
time, as I find that the expenditure on books is not very great, the average number 
new volumes added being small. I am more than ever convinced of the necessity 
for some united action, and more puiticularly with regard to scientific journals, i 
am frequently asked for the loan of volumes containing papers of importance in the 
leading periodicals ; but in many cases we do not possess a complete set. This is 
to be regretted, as, though the libraries housed in this room have had exceptional 
opportunities during the last foity years, members have been unable to utilize their 
privileges to the best advantage, there being no regularly trained librarian, the care 
of the books having to be undertaken by the Museum officials. It is time that this 
was brought to an end if the library is to fulfil its functions propeidy. 



8 


Proceed UKjs, 


flc.rtoi Fund. - Vou \^i^ bo pleas(‘d t«) Iknu* that ibe tuiui ioi tin* m<‘niorjnl 
to the late Siv James } lector has tMuv reached a sum which will enable some 
practical benefit to accrue from it to sciou<*e. The delibei'ations of the i‘onnniti»'e 
who have charge of the fund havt* not yet been aiinoiinced, Init l)efor(‘ the 
annual meeting J trust that a satisfactory .s<heme for the utilization of the fund 
will bo before you. Thei*e <»ro few inemm*rs of tliis Hoehdy, ho\M'V('r, who km^w 
the late Sir Jain(‘S who will netul any public inenioriai to strengilien in their hoart.^ 
the memory of the many Iciiidnesses thej rei'eised from him, and to perpetuat<‘ tin 
memory of a triu' friend to all scientists. 

Of)itu(iri^ — i may ptU’hajKs add my tiibiito ot regiet lliai the Soeiet;v 
has lost within the last few months (wo s<‘ientists who lo\ed their eoun(i\ 
and who enjoyed working in the fields of S(‘ienee. T refer to the <h'alh of the 
late Mr. A. P. Buller, who for many years studied with lovniu; eaie the New 
Zealand Lcpidoptcra, and to the late Mr. (1. 11. Marriiier, (lurator of the 
Wanganui Museum, who was a woll-tvaiucd observer in natural history, and \vhovS<‘ 
death at an early age is much regretted by me. A vm'y distinguisluul contributoi 
to om* Transactions, and a worker on New Zealand I/pinip/vra, has recently passt^d 
away in the person of Mr. (}. \V. Kirkaldy, entomologist to th(‘ Hawaiian Sugar 
planters’ Association. Mr. Kirkaldy w'as tin* recognized expert in Jh mi pi era, and 
was preparing to devote special attention to thos(‘ species of Hviniptcru which an* 
injurious to vegetation in Ne\Y Zealand. His servu'os in Jfetniptf/a were invaluable 
to sugar-planters, and his general scientific w oik was recognized throughout the 
scientific wmrld as of the highest importance and interest. 

y(w '/jtalfind Fa/aroniiilo<ji/. — In the last \olnmo of the 'I'ninsai tions 1 brought 
together a f(*w notes relating to the present position of New Zealand palaeontology, 
and added a short bibliogiaphy of the literatmu* on palaeontology of New Zealand. 
By the last mail a very valuable compilation was roeeivod from Professor Otto 
Wilckens, which brought together in an eliihoratc form the whole of tin* references 
relating to the geology of New Zealand in its widest ternns. This publication will 
bo invaluable to futur<^ workers, and we are indebted b) Professor Wilckens foi 
his labours in this respect. 

While speaking to you about the .suggested expedition to the lUiathani Islands 
for the purpose of working up the natiu'al history I should hive montionod that 
it might be possible to induce the Mariiuj Department to so order the goings of the 
training cruisor, the “ Aiiiokura,” that she should make soundings between New 
Zealand and the C’hatham Islands. This would be useful, and would not interfere 
with the routine of the ordinary cruising voyages. I should be glad iWt-is found 
possible to make arrangements for such soundings. 

I have purposely made my address to-night very short, as we have several 
gentlemen who have undertaken to speak on the subject which is of .special interest 
at the present time — the reappearance of Halley’s Comet. I will therefore commend 
to your thoughts and studies during fch(* coming session Hu* thousand aspects of 
the world aroxmd you, and if you can aid in the search for a fuller knowlodgo of 
things material and immaterial you wdll do at least a part of your duty. We are 
gradually recognizing that modern science and modern inventions tend to incroasi* 
the community of material interests, and that many of our older ideas must bo 
thrown overboard. Our isolation is gradually disappearing under the development 
of electricity, aviation, and other moch*rn marvels, and we are pressing on to a 
fuller future, and gradually recognizing that in becoming enlightened the world 
rises to unity ; that, insteinl of racial hatred and jealousy, we are progressing 
towards a time which will unite in om* great Fatherland all the fatherlands we now' 
pride ourselves in belonging to. We must, us luamartine says, work for the time 
when we can call ourselves *' fellow-citizens of every thinking soul.” 

P/tpere. — Halley and Halley's Comet: (1) Historical, by Mr. Thonian 
King; (2) Physical, by Rev, Dr. Kennedy, F.R.A.S. 

Mr. Thomas King gave un historical address, in which he said that the inten^st 
in the comet did not He in brightness, its size, or its physical nature, but in 
Uhe human associations that its very name suggested. The name of Halley was 
associated not only with the comet, but with the greatest scientific discovery tlie 
wmrld had known, for without Halley the “ Principle” of Newton would not have 
been published. 

The Rev. Dr. Kennedy dealt with the physical properties of comets. Their 
movements could now be determined with accuracy, but there w’ere still problems 
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i'ogajding their constitution and structure upon some of which it was hoped Ueht 
would be thrown by improved methods and appliances. The spectroscope had re- 
vealed hydrogen and hydrocarbons in the tails of comets. But the comeV though 
of large volume, wore insignificant in mass. Bulking sometimes hundreds of times 
as large as the sun, they contained less substance than an asteroid ten miles in 
diametei. Ihcir tenuity was almost inconceivable— a state of rarefaction exceeding 
the most perfect vacuum that could be produced artificially. Comets possessed a 
light of their own beside that reflected from the sun, but its nature was not vet 

Both papeis were iully illustrated with lantern-slides, including a fine series of 
photographs of the approaching comet taken at the Meeanee Observatory, Napier 


xMiskteng: *jOth May, 1910 
Air, A. Hamilton, President, in tlie chair. 

lOipf'r . — ‘^Tho Astvoncunieal liuportance of the Tlieorv of the Third 
Body,” by ProfesR<»r A. AV. Bickerton. 

The author delivered a loctuie on the astronomical importance of the theory 
(>1 the third body before a largely attended meeting of the Society, and lucidly 
explained the formation of a third body from the partial collision of two edestial 
bodies. He said astronomers were now all agreed in recognizing the existence of 
“dead suns,*’ and grazing-collisions among the stars, but were not in agreement 
as to the dyuiiniic and physical changes produced by such collisions. The common 
assumption wavS that the two bodies concerned were enoimously increased in 
temperature by collision ; he held, on the contrary, that they were heated only to 
a comparatively slight extent, but that the third ‘body, struck off in the collision, 
was heated to an enormous temperature. This third body bad many times the 
energy of any other equal mass, and was capable of producing very extraordinary 
phenomena. Astronomers had missed the idea of the third body, as no reference 
could be found to it in any standard astronomical work, so that the idea had not 
presented itself to them sufficiently for them to speak about it. The lecturer 
entered minutely into the vast energies involved, and defined a new term necessary 
for any easy undei standing of the forces involved — “kinetol,” this being propor- 
tional to the reciprocal of the atomic weight : thus the kinetols of hydrogen and 
oxygen are as 16 :1. The lecturer had taken up the problems more than thirty 
years ago, not as an astronomer or astrophysicist, but as an engineer with a know- 
ledge of thermodynamics.* He had stated his problems and worked out their 
solutions, placing his results before astronomers for examination in the light of 
.ictual research. He found that the great w'orks on astronomy contained many facts 
that could only, in his opinion, be explained by his theory ; this was notably the 
case in 8i)<‘ctnim anal.v.sia. 

Mi. a. C. (Gifford moved a vote of thanks to Professor Bickerton, and instanced 
various phenomena which w’cre still a puzzle to astionomers and which this theory 
.seemed to explain. 

Hr. Kennedy, F.U.A.S., w'ho seconded the motion, was unable to follow^ the 
theory in all points, yet recognized that Professor Bickerton had devised an 
admirable w'orking theory, w’orthy of being put to the test by astronomers and 
invesligatois into astrophysics. The lecturer nad been too modest to mention one 
impoitnnt fact — his anticipations had been proved in the recoided spectrum of 
Aurigae, which agreed with predictions made thirteen years previously. , 
theory deserved much more attention from leading astronomers than it had received 
in the past. 

The President said be would be very pleased if the Sofiety could help to brin^ 
the theory prominently before the astronomical world, and a recommendation might 
bo made to the New Zealand Institute to help the matter foi’ward. 

The vote of thanks w’as carried amid hearty applause. 


See Trans. N.Z, Inst., 1878, 1879, 1880. 
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Astronomical i^ortcfi /. — was takoii h\ tho Prowidont of the 
largo attendance ol* those inteiOBtod in astronomy to intro(hK*t‘ the ques- 
tion of the formation of an Astronoinieal S(»eiety or an Ast romnnieal 
Section of the Society. 

Dr. Monro Hector thought H niattiM* for regret that tlie Pailej h(Mjuesl for 
a telescope had lain idle so long. He had no definite proposal to in.ik(*, Imt thought 
the time uppoiiiune to hviiig tlie matUu* forward and try to inl<*rest. tiu* public in 
the subject. 

Mr. C. P. Powlos thought the tinit* lor netioii h.id <’oine, and ihovimI, 'I'hat 
steps be taken to form a branch of the British Astronomital Assoeiati«)n in uuineo- 
tion with the Wellington Philosophical Society. 

The motion, after some discussion, was withdrawn, it being uncertain whether 
a branch of the Association eoiild be affiliated with the Society, and finally a eom- 
mittoc was appointed to consider the whole matter and report to a later meeting, 
the committee to consist of Mr. xi. Hamilton, Mr. 0. K. Adams, F.R.x\.S., Dr. 
Kennedy, F.R.A.S., Dr. Hector, Mr. E. D. Bell. Mr. 0. V. Ifudson, Mr. A, 0. 
Gifford, Professor Easterfield, and Mr. C. P. Powlos (eonveuev). 


Second Mebtinu: 1st Jvnc, 1910. 

Mr. A. Hamilton, President, in tho chair. 

New Members. — Mr. W. H. Carter, jnn., and Mr. A. E. Aston. 

Papers, — 1. ‘^The Elementary Psychology of Child-life,’’ by Miss 
C. E. Kirk. 

The author illustrated her paper by many personal experiences with children 
of dii^erent ages, and endeavoured to trace tho causes of many interesting actions 
and sayings incidental to childhood. 

2. The Customs and Traditions of the Pout ini Ngai-Taiiu,” by 
Mr. H. D. Skinner. 

Abstract. 

It should first be explained that the Ngai-Tahu were the tribe tluit ckiincd 
lordship over the greater p.-u-t of the South Island at bk' beginning of the nine- 
teenth century. The Pontini Ngai-Tahu wrere that branch of tho tribe that had 
won a homo ui what is now called Westland. The succession of conquest in that 
district is as follows ; First came Ngati-Waiiangl ; they are said to have inter- 
married w’ith or been conquered by Ngati-Mamoe, who were in turn t‘oaq^uevcd by 
Ngai-Tahu. Ngai-Tahu settled among the conqmu'ed, and tho name Poutmi Ngai- 
Tahu was given to the united tribe. In tho years 1828 and 1832 these people wore 
raided by bands from Ati-Awa and Taranaki, wdio, how^ovor, did not settle in the 
district, but withdrew. 

Hardly any record of the customs and traditions of Poutmi Ngai-Tahu has 
been preserved. For this reason it is worth recording details which if told of 
any other tribe might be called trivial. The Maoris from whom most of the 
information was obtained were, — Hemi, aged about 95 ; Mrs. Hemi, aged about 97 ; 
Kere, aged about 75 ; Jacob, aged about C5 ; and Bill, aged about 60. They were 
living at the Makawhio River, in South Westland, and belonged to Poutini Ngai- 
Tahu, though they probably had Ngati-Wairangi and Ngati-Mamoe blood in their 
veins. 

The paper begins with an account of the various passes across the Southern 
Alps. It tells which of them were known to the Maoris, and to what extent they 
were used. It then describes in some detail the preparation of food, sandals, socks, 
and all the other things necessary for a journey across the range. Next comes 
some account of old-time hunting and fishing, after which journeys and routes from 
place to place on the West Coast are touched on. The account given of canoes 
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and canwing is of greater general interest, so may be quoted in full. You wiU see 
that it throws light on the construction of double canoes— a point about which 
there is no infomation elsewhere— and that it raises the question of the existence 
of rowing, as distinct from paddling, among the Maori. It may well be the case 
that in this remote part of New Zealand old customs, long discarded by all other 
tribes, lingered on almost into our own time. 

X' said that the only voyage of any length ever made by the Poutini 

Ngai-Iahu was that from Bruce Bay to Milford Sound for tangiwai. Such a 
"ould be made only once in a generation. It would occupy any length of 
time from a week to a month, as they landed at the slightest sign of bad weather. 
Katau said they travelled in winter ; but that can hardly be correct. Natives of 
other parts of New Zealand sometimes came round the coast in canoes. It would 
thus seem that Poutini Ngai-Tahu were a timid folk — a supposition which is borne 
out by the history of their wars. 

They made their canoes in their own district, two canoes of, say, 30 ft. and 
20 ft. length by 4 ft. beam often being lashed together by cross-pieces. A canoe 
which Kere helped to make near Martin's Bay was called Kai-Whiri. The Arahm^a 
natives h'ld come down tor langiwaU and the Bruce Bay Maoris took them and 
then tfiiif/niai back in tlus canoc. There weic xi\c oars on each side. On being 
cioRS-ciuestioned they asserted th«U they used oars sometimes, and sails of woven 
flax, before the white man caino. If this statement as to rowing is true, the 
objects figured in Hamillrm’s “Maori Art'* and in Haw^ksworth’s illustrations ot 
Cook's Voyage are piobably oars. 

Keie said that the ancient unit ol measurement w'as the fathom, which was 
calculated by the span of a man's outstretched arms. He described the longer 
single canoe of the double canoe as being seven fathoms long. The shorter one 
would then measure five fathoms. Spars were lashed from etach end of the longer 
to the corresponding ends of the shorter canoe. A platform united them about 
the middle. This was floored, and a mast was erected on it. They said that a big 
canoe from the North Island was washed up at Hunt’s Bay. Though it was much 
battered, they could see by the braces and lashings that it had formed part of a 
double canoe. Two double canoes loaded with greenstone once went from Milford 
to Waimate. One of them was made on the Makawhio above Ritchie’s by Tuarohi, 
“our grandfather.” Two other canoes are mentioned as having gone to ICaiapohia. 

Takahe (Notornis), Moa (Dinomis), and Pou-a-2/awaiki 

It is said that the Maoris himted an d caught the iVotoniis at the head- waters 
of the Kakaia, and that the last of them were seen there. When questioned on this 
point the natives could give no reply. They said that the takahe was large enough 
to kick the dogs. It w.is caught with a forked stick, with which its legs were 
pinned to the ground. It was not 10 ft. high, as the questioner suggested, for 
then, said Jacob, it would have been large enough to kick a man — it would, in fact, 
be a moa. 

Although split and charred moa-bones have been found in the middens on the 
West Coast, the natives could tell nothing about the bird. They had, however, a 
story about a great bird which they called Pouahawaiki. This may have been the 
bird known to other Maoris as IPouaki. “Pouahawaiki” may f^rhaps be an 
expansion of “ Pouaki,” arising from a mistake as to its derivation. “ Pou-a- 
Jlaw-aiki” means “ Poii from Hawaiki.” Now, it will be remembered that a 
mythological character named Pou journeyed to New Zealand from Hawaiki on 
the back of a great bird. A confusion may thus have arisen between the two 
stories. But, whatever the derivation of the name may be, I have little doubt 
that the story is an old one, and has at least a kernel of truth, and that referring 
to the great eagle {/Iarpaf/arni<), bones of which are to be seen in the Dominion 
Museum. 

The natives said that once, a long time ago, some of the Maoris who went 
hunting or fishing failed to c‘ome home. Then, when their fellow-tribesmen watched, 
they saw an immense bird take up a man and carry him .avray to a hill-top. A 
Maori named Pukirehu fastened a dog’s skin on a stick near a lagoon, lay 
beside it in the water with only his head above the surface. He had armed himself 
with a long spear. The Pouahawaiki flew towards the skin, but when saw 
Pukirehu’s head it swooped down and attacked him “with its win^s. ^ Then Rohu 
drove his .spear hard at its wing. Again it came at him, and this tune he made 
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a mighty thrust into its body, and it fell <loiid lu tli(‘ vstitor. Then its inau* thw 
down, only to bo killed in the same way. Now Piikirehu rlimiiod up to tho oyrio, 
where he found the bones of many men \»^ho had boon killod })y th<» PoualjawaiKi 
He also found and kilb*d two chieks, one of whioh was jtut joady In fly 


Dotji-. 

They said that the Maoiis brought dogs with them wheri tiiey came tiinu 
Hawaiki. The descendants of some <»f these ran wild in the hush. Some of tlu* 
domestic ones were kept for ft»od and some for hiuiting. Tludr myth a.» to the 
ereation of the first dog somewhat lesembles Kipling’s story How the Klophaul 
got his Tronic” : Two brothers once wont out hunting. One of them went down 
on his hands and knees to allow his brother to comb his hair. Then his brother 
made him stay down, and pulled his nose till it grew long like a dog’s nose, and 
his ears till they became like a dog’s cars. So he wont on, till the man became 
a dog and ate dirt. When they wont home their father said, ** Wheie is you»’ 
brother?” The son said, “Here he is,” and whistled, and the dog ran up. Thib 
is a debased form of the story of Irawaru given to Webbers by the Ngai-Tuhu ot 
Riuapukc Island. 

ir«/‘ 

The Poutinb Ngai-Tahu were not a lighting race. Excepting the lights dgamst 
tmms fiom the North Island which invaded the Poutini coast in the years 182^ 
and 1836, their only regular warfare consisted in border skirmishes with Ngati 
tu-mata-kokii‘i to the north of them. When defeated, they scattered into the bush. 
It is said that the natives of Greymouth retreated by canoe up the drey and the 
Arnold into Lake Brunner. This was denied by those interrogated. The idea of 
keeping the existence of the passes secret for strategic reasons hud not oceurred 
lo them. The paths of the tauas were the ordinary trade-routes. 

C4reen8toiie. 

The paper next deals with the working, cutting, and marketing ol greenstone, 
after which it treats of mythology and traditions. It is interesting to find u 
branch of the Maori race shut off for so many centuries from the northern tribes 
telling exactly the same story of the coming of the Tainui and Arawa canoes as 
is told by the tribes of the North Island. The incidents are those of the well- 
known story, though the names of the canoes are not given. They had, as was 
natural, an intimate knowledge of the story of Tama-Ahua, discoverer of thi^ 
greenstone. The most interesting variation from the published version was sup- 
plied by Jacob, who said that Tama-Ahua blew the dart, putting his hand to 
his mouth to illustrate. There arc in the MS. fragments of other legends of which 
fuller versions have been printed; and there are indications of legends that now 
never can be told. At the present day time would only be wasted in regrets. 

One tale which was given in fuller detail than in any published version is the 
well-known one of Raureka. Baureka wa.s the mad woman of the Ngati-Wairangi 
Tribe who, about the year 1700, discovered Browning’s Pass, and, pushing on 
across it, descended the eastern slopes of the .Vlps. Following down the (‘oursc of 
a stream, she came on a party of jNgai-Tahu shaping a canoe somewhere near th< 
present site of Geraldine. Seeing, perhaps, that she was mad, they did not 
mterfere with her. She watched their cutting, which was slow, for their adzet 
were made of tohi wr/, or basalt. Taking from her bundle a little packet, she 
showed them what all versions of the story agree in calling the first piece ol 
greenstone the eastern tribes had seen. Now, wo know well from archaeological 
research, as well as from other traditions, that greenstone was known to Maoris 
in all parts of New Zealand long before the time of Baureka, and this contradic- 
tion has caused historians a good deal of ti’ouble. Stack, in his “History of the 
South Island Maoris,” has no satisfying solution to offer, and Mr. Justice Chapman, 
in what will probably long remain the classic essay on the working of greenstone, 
leaves the question open. The true explanation of the story as we now have it 
seems to be that in the course of generations the emphasis haft been moved on to 
the wrong point of the story. The story did, as might be guessed from its per- 
sirtence, enshrine an event of the neatest importance. That event was not the 
discovery of the greenstone, but the discovery of a now and easy road to it. Befox*e 
Baureka’s lifetime, doubtless, greenstone ornaments and weapons had been rare. 
Parties in search of the stone had been faced either by a canoe voyage along a 
stretch of ragged and storm-beaten coast, or by a long and difficult journey on 
foot around the coast from Arapaoa to the Arahura. The boldest might well be 
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daunted by either course. But now a pass had been discovered a.ei oss the mountain 
barrier, and the way was easj . At once, we are told, a, war-party gathered, crossed 
the pass, iought with Ngati-Wairangi, and came home laden '\\ith the stone. 

If this interpretation of the story is the true one, all the other passes known 
to the Maoris must have been (iiseo\ci(*d since the journey of Baureka. 

3. “Halley^ Comc*i,“ by Mr. C. li Adams, M.Sc., K.U.A.S, 

The authoi exhibited a number of large-scale diagrams showing tlie path oi 
Halley’s Comet, with positions every ten years since the appaiition, tue 
positions being obtained by the graphical bolution of Kepler’s problem, usine the 
method devised by the late J, C. Adams ; while other diagiams showed the refative 
positions of the Earth. Venus, and the comet in lS3d and 1910. Appreciative 
icferenre was made to the excellent results of Messrs. Cowell and (hoininelin's 
predicted return of the comet, their date of peiihelion pdssa.;e being 1910, Apjil 
16*57 G.M.T., while the actual date was very close to April 19*7. The diftoveme. 
about throe days, would require a correction of about 130,000 miles iu the semi- 
major axis of the ellipse, a quantity of the same order of magnitude as the uncei- 
lainty of the Eaiih’s distance from the Sun. The author gave a brief account ot 
the photographs of the Sun taken every five minutes from ‘2 to 3 p.m. on the 
19th May. but stated that no certain tra(<* of the transit of the comet could be 
seen 


EdthibiU. — 1. iMv, 11. D. Skinnor <‘\'hibited a Maori puddlo, probabh 
used by the Ngai-Talui. 

2. The Presidenl o\liibitod an aiieicnt Maori luusicul iiistriiiiient, 
about 18 in. long, and elaborately carved, and resembling a flageolet. It 
probably came from the Bay of Plenty, and was procured by Major 
Robley, 
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First Meeting: I7fh Mni/, 1910. 

Dr. 11. Briffault, Prosidont, iu the chair. 

New Members. — A. J3iichanaii, A. W. Ohatlieid, J. C(XJ, A. B. Harding, 
U. Cranwell, Hallybnrton Joluistoiie, W. Satclioll, Rev. W. Trotter, R. M. 
Wilson. 

Professor H. W. Segar, M.A., delivered a lecture (»n ‘'Halley’s 
Cornet.^’ 

After describing the general features of comets, and the views held by astro- 
nomers respecting them, tno lecturer gave a full account of the previous visits of 
Halley’s Comet. He then described Halley’s great discovery of 1705, in which, 
as the result of calculation and observation, he predicted that the comet was 
periodic, and followed a regular orbit contained within the limits of the solar 
system. In this Halley made one of the first applications of the knowledge given 
to the world in Newton’s “ Principia.” The peculiarities of the orbit of Halley’s 
Comet, as compared with those of other comets, were then dealt with, and the 
path followed by it during its present visit vras described, its position at various 
times being compared with that of the Earth. The lecture was copiously illus- 
trated with limefight views and diagrams. 

As the hall proved much too suiall to accoiuinodate the audience, the 
lecture was repeated, with slight alterations, on the 23rd May. 


Second Meeting: Gfh June, 1910. 

Dr. R. Brifiault, President, in the chair. 

New Member . — R. J. Morgan. 

The President delivered the anniversary address, taking as his sub- 
ject “ The Nature of Life.’’ 

The lectui’er explained the mechanical theory of life, and contrasted it with 
the old theory of vitalism. The latter was, he said, inconsistent with the prin- 
ciple of the conservation of energy, and of the equivalence of forces. It was 
noteworthy, nevertheless, that in many quarters dissatisfaction had of late been 
expressed with the mechanical theory, and that many biologists displayed a 
tendency to return to vitalism in some modified form. Among the causes of this 
tendency were the fact that the mechanical theory did not supply an interpreta- 
tion of the distinction between living and non-living matter, and that the ideal 
of the theory— 4ihe reduction of living processes to terms of physics and chemistry— 
had not in any instance been achieved. The mechanical theory originally regarded 
life as the property of a chemical compound, protoplasm. That view*, however, 
was negatived by the fact that perpetual change of chemical composition is a 
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HU quo non condition of lifo. The study of metabolic processes had recently made 
great advances, which were discussed at some length, and the lecturer concluded 
that nothing exactly analogous to the process was known in the inorganic world. 
Metabolism, which might bo a manifestation, or cause, or result of unknown 
phys.cal conditions, uas, the lecturer submitted, the proximate known physical 
basis of vital processes. 

Passing to a discussion of the reactions of living objects, the distinctive 
tharactei’s of those reactions appeared to be a continual self -adjustment, and re- 
adjustment to extiumal conditions— in other words, adaptability. The analogy 
between automatic devices designed to meet a certain purpose, and adaptive 
response to all conditions, with continual I’cadjustment, was, the lecturer said, 
superficial and misleading. 

Since the physical conditions of the metabolizing oiganism differed in a funda- 
mental manner^ from any to be found in non-living objects, it was not surprising 
that the principle of the self-adjusting mechanism could not be deduced from 
inorganic phenomena. And, since the readjustment was known in some cases to 
be accompanied by sensibility, it was not unreasonable to suppose that the physical 
phenomena corresponding to sensibility constituted that self-adjusting mechanism 
which is distinctive of living organization. 


Tuiud MEETl^G : Jfth Jvln* 1910, 

Dv. H. Briffault, President, in ihe chair. 

Mr. S. E. Lamb, B.Sc., delivered a popular lecture on Ferro-con- 
oreio Structures/’ illustrated with numerous lantern views. At the close 
a discussion arose, in which the President, Mr. Moore, and Mr. W. E, 
Bush took part. . 
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MANAWATU PHILOSOPHICAL SOCUKTY. 

Fium Mmktin(«: Itf/i Unrch, liHO. 

Tho Prcsiilont, Mr. W. K. Duiwanl, in the cliair. 

S'tw A/eJw6f/’«.--MesM-b. G. 11. Beiinott, J. Mounnoy^ N". Taplin. 

Papers, — 3. *'Tho New Zealand Saddleback,” by W. W. Smith, 
F.E.S. 

2. “The Ancient Mnoii, and somo nf his Peculiarities,” by 1) 
Sinclair, O.E. 

The Secretary reported that since the last meeting bet\\een i'ovty ami 
lifty fi'esh exhibits liad boon received at the Museum, and that the need 
of increased accommodation was liccoming daily more urgent, as it was 
impossible under present conditions to make u}*<' of tin* Miiseuni for 
educational piirpo<^<‘s. 


SncoNi) Miortin(, : iht April, lOW, 

The Pr<‘sident, Mr. W. P. Durward, in the chaii. 

The Hon. Dr. Findlay, K.C., gave a lecture on “ Jj('gal JjiberU.” 

The lecturer described the evolution of government in England, and tho various 
influences at work, attributing the theories ultimately adopted to the Freiu^h 
dreamer Bousseau’s philosophy of government as embodied in “ Lo Contrat Social, ’ 
published in 1762, that were adopted in the French llevoliition, and have roplaecd 
the teachings of John Stuart Mill in England. 

The lecturer summarized his conclusions thus : There is in Anglo-Saxon nations 
an excessive impatience of State interference, du#' partly to tho struggle by which 
freedom has in tho past been wrested from Government. That in their attitude 
towards the powers of the State the people of our nation aie apt to ignore the 
fact that it is only from tht'se powders and under their protection alone that they 
derive their rights and 1 ibex ties. For many centuries man has been trying to finil 
some scientific boundary between the rights of the individual and those of tho State ; 
and the theories of Hobbt's, Locke, Rousseau, and Adam Smith resulted in the 
doctrines of natural liberty which limit the State's functions to those of keeping 
order and protecting rights, while they extend the area of individual freedom to 
the widest extent possible without injury to the rights of others. This led to a 
fanatical individualism, under which the condition of the English labourer was 
worse than at any pievious period of English history. Tho school of natural 
Uherty still largely dominates orthodox economic thought. It is based upon the 
cosmic process, the struggle for existence and the survival of the fittest, and is 
opposed to the moral or ethical process of human betterment. Thought and expori- 
Quee has shown that in modern nations the system of natural liberty is not a policy 
of true social progress; that, on the contrary, such progress can be attained only 
by limiting greatly individual liberty and by eliminating the struggle for a bare exist- 
ence. That the true policy of progress in modern nations is not tho more protection 
by the State of legal rights, but piovisiou by the State of the conditions which 
are essentials to the w’elfare of the people. That for the improvement of those 
coerced, and for the provision of the conditions of general welfare, the State may, 
in defiance of the tenets of individualism, properly curtail individual liberty. That, 
os the solidarity of a nation increases and society becomes increasingly organized, 
the closer relation and interdependence of tho units^ of population necessitate a 
restricted area of individual freedom. That conceptions of the area of personal 
freedom have changed with changes in our national aims, and a policy of “Want 
and Vice and their Reduction” is slowly supplanting the cardinal policy “Wealth 
and its Producfbion.” That the trend of the freest democracies is towards a State 
paternalism. That the national character and temper of our nation may be trusted 
to prevent any serious limitation of the area of liberty really essential to a self- 
lespecting vigorous manhood. 

At the dose of the lecture the chairman spoke eulogistically upon it, and so did 
Mr. E- D. Hoben, who moved a vote of thanks on behalf of the Society, and Mr. 
X>, Buick, M.P., who seconded it. 
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OTAUO INSTITUTE. 

First Mketi>?u : May, J910. 

President, Professor Waters, in the cliair. 

The President deliveted his presidential address, entitled '‘Mining 
Education in relation to the Mining Industry.” 

Tlio President referred in feeling teiins to the serious illness of the 
Vice-President, Dr. Hocken, and conmiented on the very great interest 
^^hich Dr. Hocken had always taken in the Otago Institute, and he moved 
a hearty vote of thanks to him for the gift of some valuable periodical 
which he had recently presented to the Institute. This 'v\as carried with 
luMrty applause. 


SjSooNn ViKKriNo . }1h Jintt', 39 UK 
^Fhe Pri‘sidoiit, Profo^^or Wiit<‘rb, in tlic chair. 

'Fhe Picsident announo<*d certain changes which had taken place in the 
penouhel of the Council, Dr. Fitchett having been elected in the place of 
Dr. Malcolm (lesigned), Mr. Alexander JIathgale having been elected 
Viee-Prosidenl in idace of Dr. IhKsken (deceased), and Mr. E. J. Parr in 
])laCw of Mr. Bathgate. 

iVeiv -Me^srb. R. W. Brickell, Cuthbt'vt Fenwdek, Cliarleb 

Butterworth, W. T, Glasgow, George Howies, and J. C. McGeorge. 

The President referred 1o the inebtimable loss sustained by the 
Institute through the death of Dr. Hocken, and on the motion of Dr. 
Colquhoun the following resolution w«ts carried in silence, the members 
standing: — 

That the membeis of the Otigo Institute record their keen sense of loss at the 
removal by death of Dr. T. M. Hocken, who has been a member since the incep< 
iion of the Institute in 18G9. During' these forty-one years Dr. Hocken was a 
member of the executive for thirty-.seven years, and held the position of President 
on thieo occasions. As a rneniber he was most enthusidstic, and ever ready to 
contribute to the proceedings. Whilst taking a keen interest in ell subjects brought 
before the Institute, and in it'i aimf. and objects, he devoted himself to investi- 
<(ating and recording the early liistory of New Zealand. Endow’ed with a tempera- 
ment favourable to close study, and posses&ed with perseverance, his investijgations 
in this his labour of love remain as an undoubted authentic record for all times in 
his volumes entitled “ Contributions to the Early History of New Zealand,'* and 
*“ Bibliogr.iphv of New Zealand Literature.** He has by his priceless gift to New 
Zealand of all the documentary and other evidence upon wmich his records aie 
based enhanced the value of those records beyond estimation. This evidence, now 
forming poHion of the Hocken collection, housed in the Hocken wing of the Otap> 
Museum, will ever be a history of the Dominion defined and traced from the 
earliest beginnings. This Institute joins in the hope that his collection, freely 
given, will ever be under ejood guardianship, and expresses its appreci.ation of his 
high ideal of citizenship and his fine person.dity, whicli endeared him to all who 
knew him 

Dr. Benhani sliowed some interesting and valuable mats of Maori 
'workmanship. 3'hese mats had been presented by the late Dr. Hocken, 
and some of them w^ere of historical value. They were of different kinds, 
'were used for various oeronionios and different occasions, and each had 
its own special Maori name. He also showed a very valuable tattooed 
dried Maori head from Dr. Hooken's collection. 
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Mr, IToano^ some* spocinH‘im of moths ami huttcrtlios. 

Dr. Marshall gav.‘ an jnldross upon the g<‘oloi»y of the Cook ainl Society 
Islands, and made interesting rel‘<‘ieiuM*s to the features he ha<l ol>s<‘rved 
during a trip to the Islands, lU* <h‘alt \Aith ili(‘ tlu‘oi’i<‘s a<lvanced by 
Dar\Aiu, Sir Joliii Mnnay, and Profeswu* iVgassix as to tin* foi'ination 
of tlio coral leefs around th(‘ Islands, and said that his owm ohs<M*vat ions 
supported Darwin’s the(»i*A. Dr. Marsliail, with tJie assistance of Dr, 
BonUaiu, showed a number of ph(d<»graphic views of the Islands, which 
he coiniriented upon and <*\plaiued in a V(M*y luci<l manner. 


Tiiiiin Mui^tij^o: J/// //////, 7!)I0. 

The Pr(‘sident, Piofess<ir Waters, in th(‘ chair. 

Seu' Mnnher. — Mr. Peter Ihirr. 

Papet-s, — 1. “Description of an Undeseribed Haniaele of the Conus 
Scalpellinn from New Zealand,” by Dr. Anminclale, Siiperintendoni of the 
Indian Miiseiiin, Calcutta; eoumuinieated by Dr. Renlnini. 

2. “The Oecurreiico of tl»e Starfish in New Zealand,” by 

W, B. Beiihaui, F.Jl.S. 

3. “Note (HI a Male (\)eei<l (Latvlua zeafatuUea Maskdl), by W. B. 
Beuliani, F.Jl.S. 

Dr. Piokerill showed the tootli of a deer Avhich w’as supposed to Inive a 
coating of gold upon its grinding surfaces. He then read an interesting 
paper entitled “ Gohlen Teeth.” 

Dr. Piokerill pointed out that, though cases of alleged golden teeth had occurred 
from time to time in human beings and various lower animals, when the matter 
came to be carefully investigated it was evident that the golden sheen or fluor- 
escence upon the teeth was really due to the prcseiu'e of ^n organism which had 
the power of giving a green ish-goldon tint to any substance on which it was 
growing. It is probable that a thin deposit of calculus on the teeth was thus 
coloured, giving them a peculiarly golden appearance. 

Dr. Benham exhibited (he decorate<l skull of an A iidaniaii- Islander, 
whicli was a most interesting relic of mouriiiug worn by th(‘ wi<low on 
various occasions. The skull w'as curiously marked with ciriMilar ]>atchoB 
of cohuir, decorated AAitli shells, and was w^orn suspended from the back 
of the head. Dr. Benham also showed a human lower jaw from tlio 
Andaman Islands, wdiicli was similarly w^orn by relatives of a <lcceascd 
native, as a mark of luouriiiug or respect. These interesting exhibits had 
been presented by Captain ^falcidm Thomson, M.B., late of the Indian 
Medical Service. 

Dr. Fulton then read a paper giving a description of a visit to llio 
de Janeiro in 1889. 

Dr. Fulton pointed out the very unhealthy condition of the city at that date, 
yellow fever being very prevalent. He described many prominent features of the 
city, its mamificent harbour, the interior of the Cathedral, the Jardin Botanique, 
the Oorcovado Railway, and, after giving a few statistics of modern Rio, showed 
how, under improved conditions of sanitation, destruction of ihe raosquito-larva, 
establishment of electric tramways and lighting, the city had become one of the 
finest and most up to date of the New World. In concluding the lecturer showed 
some fine photographs of Rio and suburbs, which were kindly exhibited by means 
of the lantern by Dr. Benham. 
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PHILOSOPHICAL INSTITUTE OP CANTERBURY. 


Si'ji^'iAL MKKTiNu: 20ih Apnf, 1910. 

Prebeiit : Mi. K. iM. Ijuiug (President^ iti tin* cluiir, and eighty Olliers. 

The J^rosideiit explained that the niei'ting had been called to give 
ineiiibers an ()pportuiiity of hearing a paper by Professor Bickerton on a 
vital point of his theory, and to allow of full discussion thereon. He gave 
a brief historical account of Professor Bickerton's eHorts to lay his theoi"v 
befoi‘(» the scientific world, and a sinuniary of its leading features, and 
said tlial if it wei*e ti no it would establish a new cosmogony. 

ih’ofessor Bickerton then rend the paper, entitled ‘‘ Beeeni Evidence 
in favour of the Existence of the Third Body." 

Tlio pai)or was criticized by Drs. Furr and Evans, and by Mr. E. G. 
Hogg, wdio di'ew attention to tlie disci epancies between the recent spectro- 
.scopic observations and the predictions made by Professor Bickerton as 
deduced from his theory. 

Professor Bickerton replied as occasion demanded. 

At the coucliision of the discussion a hearty vote of thanks w as accorded 
to Profe^Mor Bickerton for his paper. 


First Mkktino: Jfth May, 1910. 

Present: Mr. \l. M, Jjaing (President), in the chair, and eighty-five 
others. 

New i]Iembrr >>. — Miss Cocks, Captain A. A. Dorrieii-Sniith, D.B.O., 
Messrs, M. C. (rudex, W. G. Aldridge, D. B. McLeod, E. J. Haynes, H. 
Vickeriuan, W. F. Itobiiison, H. D. M. Haszard, J^angford P. Symes, 
Dr. H. G. Denham, Bev. J. T. Pinfold, and the Hon. H. F. Wigram. 

iSuba?itatrtic Isfanrh of New Zealand !' — A copy of the recently 
issued work on the subantaictic islands was laid on the table, and several 
appreciative letters wore received in connection with its appearance. The 
hon. editor, Dr, Charles Chilton, w’as presented on behalf of the contri- 
butors wdth a bound copy of the work containing their autographs, and 
a letter congratulating him on the able way in which he had carried out 
ihe duties of editor of the volumes. 

AfhlrvAH . — The Nesting Habits of Fishes," by Mr. Edgar II. Waite, 
F.L.S., the retiring President. 

The lecturer pbeed before the meeting some original observations on the 
nesting habits of fishes, and illustrated his address by lantern-slides of the various 
nests dosciibed and of their fabricators. 

The evolution of the fish’s nest was traced, from the mere disturbance of the 
gravel bod and the mounds of the lamprejrs, to the elaborate structures of the 
pihaya and sticklebacks, and it was mentioned that the filaments which bind 
together the materials of the nest of the latter fish wore secreted from the kidneys 
of the male. The researches of Budget! and others into the nesting habits of 
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Ah-ican fishes weio mentioned, .iiul the poouliar liahits of and other cat 

fishes, of the pipefishes and soa-hoisoH, and the parasitical methods of the bitteiling, 
were detailed. The remarkable bubble nests of tfie Taild)o^\-fish and fifrliting-fish 
were described, and illustrated by photo^raijhs takim by the leetuier 

Some popular errors were indioated, irieliidint; tiu‘ wi(h'l,> juheiti.sed habit 
accredited to the Sargasso lish (Ptiin^iihrtnn), whieh v\as supposed t<» make the 
“nest’' found in the gulf-weed. It has b<‘eu knov^n for some tiiiu^ that the eggs 
aio those of a flying-fish, whieh by means of theii tilainent liold the fioiids of 
weed into a nestliko mass, hut tiie ohi stoiw still appear in quite recent fish 
literature, it was explained tliat the Sargasso fish really its eggs at the 
surface, and that they form an inmienso raft, like tho e of (4l>e miMalMu*-; of llie 
same family. 


SK(<)M) MKKTIKli: /."/ JtUif liUO 

Picseiit: Mi. K. M. l..aing (Pussideut), in th<‘eh.>n, and M*veiity-fivo 
others. 

ObiiiUti'y . — Kesolnl ions (d‘ legiet at tlu* d(‘Utb of Hr. IJoekon, Pro 
fe«Kor (‘ H. fl. (Jook, and Mr. (i. \V. Kiikaldy, of Iforiolulu, were oniTicd. 

Ntiv Mtmhei'A , — Miss (iortriidc M. Pullen, Mis^ Hull, Dr. J. tluthrie, 
wTi., and Messrs. T. Ffuj^hes and U. King \\er<' nnanlxTs. 

Pikjyti'6 . — I. “ SoiiU' Ihdroids from tho Korinadae Islands-,” by [»\ W . 
Hilgendorf, M.A., D.Sc. 

Abstkaot. 

The hydroids weio eolleetcd by Mr. W. It. B. Oliver in 190^, and all came 
fiom Sunday Island. They aie all calyptoblasts, and are in most cases only 
skdetons. Xine species arc represented in the collection, and of those one is also 
found in Australia and Europe; one in Zealand, Australia, and Europe; one 
in New Zealand, Australia, and South Africa ; one in New- Zealand and Australia ; 
three are also found in New’ Zealand ; and two are probably not found elsewhere. 

This list indicates the close i-elationship of the hy<lroid fauna with i.hat of 
New Zealand, and this relationship is explained by the fact that hydroiil-eovered 
seaweeds are probably carried northwards from New Zealand, as are the kauri 
logs found east ashore on Sunday Island. The two 8pe<-ios not identified as having 
been previously recorded probably belong to the genus Afjlaop/icuia, though in tho 
absence of tho reproductive structures they could not he deterininod. They are, 
however, described and figured. One of the species identifie<l (AtjJaophmia laxa) 
has apparently not been recorded since Allman found it in New Zealand thirty-sis 
years ago. He did not find the (^orhulae: these wore present in th<‘ Kermade<* 
specimens, and are desu’ibed and figuivd. 

2. ” Notes oil Reptiles and itaninials from the Konna(l<‘e Islands, ' 
by W, R. B. Oliver. 

AbsTRA( t. 

The captuie of a specimen of green turtle on Sunday Island is rciorded. Some 
account is given of the habits -of tho humpback whales, which regularly visit the 
group, and of the Pacific rat, with special reference to the possible means by which 
the latter species may have reached the Kermadecs, evidence being adduced to 
show that Sunday Island was once inhabited by natives. Some notes on goats and 
cats recently introduced into tho Kermadec Islands by man follow, and special 
attention is drawn to the fact that the cats prev chiefly* on mutton-birds and terns, 
the former bird forming an important article of food for the inhabitants. 

3. ** Glacial riKinouieua of the Upper Rakaxa and Ashburton Valleys,’' 
by R, Speight, M.A., M.Sc., F.G,S. 

The author exhibited a series of laniem-slides dealing with the locality and 
illustrating the effect of glaciation on the landscape. Attention was drawn to the 
fact that the Southern Alps in their present form are not a true mountain-range, but 
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a dissi^cted plateau oi penopJam, which has Uoen loimed irom a pieviously existing 
lange ol the ..Ipxiie type, the foldmg of which ha^ not been acute. This was illus- 
tinted by pictures taken from the si»mmits of niounsiins in the district.* The effects 
of the former glaciation to which Iho area was subjected in Pleistocene and more 
recent times was then dealt with, special note being taken of the changes in drain- 
age, the mode of truncation of spurs and dissection of the ridges between valleys, the 
toi-nuition <n glacu • pot-hot‘h on a Inrgc scale, and the general smouthini: and ter- 
raemg glacier ice. '1 he marked recent retreat of the gladcrb of the region, 

notably the Cameion 0 lacier, was emphasized, also the fact that so few ‘^lacicrs 
arc foimmg ieinuiuil moraines at the present time, although they formed them in 
past times. A niinibei* of slides dealt with the L^^ell and Xlamsay Glaciers, at the 
head ol the Ju'^kiuji Ri\ev, This locality is almost unknown, and the author, with 
two student companions, was the first to ascend and note the features of the Lyell 
Glacier, although its teiminal face had been pie\iuiisly visited and crossed by 
Mr. HobeiLs, the late Chief Surveyor ol Westland. Two fine tributaries of the 
Lyell (^hicier were named after T'rofessoi Heim, of Switzerland, and Dr. Cockayne. 
'Che last pa it of th(; paper, dealing wdth evidence iur the change of climate which 
follow’ed the gLuintion ol the oioa, was h Id o\ei lor leading and dwcussion at a 
future molding. 

E^c/iibit. — Ml*. K. Nairn then exhibi led a 82 >eciineii of Bilbeif/ia itOrfha 
which sh<>wa(l the oifoct of nioiat ooiuHtionf^ in a gre^uhoiitt^ on a pbni 
w'hich usually glows in arid country. 


TtJUti) MujETiNd: 0th Jut if, 191(>. 

. Pref>ciit : Mr. I{. M. Laing (President), in the chair, and over eighty 
others*. 

New Members . — Miss Margaret Bichardson, Mr. W. B. North, and 
Drs. E. A, Washbourn and F. J. Borrie. 

Paper , — ** Additions to the BMsh Fauna of New Zealand,^’ by Edgar 
R. Waite, F.L.S. (see p. 25). 

Address , — “The Porniaiiont Pastures of New Zealand,'' by Mr. A. H. 
Cockayne, (roveniment Biologist. 

The lecturer said that in New Zealand, where the pastoral interest occupied 
the premier position, the grass crops were the most important asset. Of the 
36,000,000 acres in occupation, grass lands claimed 30,000,000 acres, or 92 per cent. 
There could ho added another 5 per cent, for those crops, such as turnips and 
rape, which supplemented the grass in times of scarcity. The grass crops were the 
backbone of the rural industry. In dealing with his subject, it was necessary to 
divide pastures into two sections— viz., permanent and temporary pastures.^ The 
permanent pastures wisre those which remained in a more or less stable condition for 
many years, and did not enter into any system of crop -rotation. Temporary pas- 
tui’cs were those which occupied a most im|)ortant pai*t in reference to crop- 
rotation, and did not remain in a stable condition for any length of time. Of the 
36,000,000 acres of grass land, 22,000,000 were still in their original condition. 
They had not been sown in any way, and a large percentage was occupied by the 
tussock region. There were 9,000,000 acres of grass land which had been formed 
from forests, and there wore 5,000,000 acres which had been ploughed and sown, 
chiefly by machinery. ^ ^ ^ ^ 

The lecturer then proceeded to show a number of lantern-slides showing the 
different kinds of pasture in various parts of New Zeaknd, and the methods of pro- 
ducing them. The series illustrating the transformation of rough forest land into 
fine pasture land, graced with a homestead, and flocks and herds, was a particularly 
informing and interesting one, the various stages from the “burn’* to the nral 
scone of pastoral pcrfet'tion being capitally illustrated. A number of suhseouent 
pictures showed the disastrous results which had followed overstockmg and the 
injudicious burning of tussock. In these cases the land had become depleted, and 
its stock-onrryimr (‘apacity reduced onormously. A painful illustration of the point 
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was provided by a num})er of views from the Clyde district in Central Otago, a 
view of the land being shown in its original state, with another view of it after 
its depletion. One fact was stated to show the effect on the pastoral industry. In 
1890 there were 441,000 sheep in Vincent County j in 1910 there W(‘re only 
277,000. If it were not for the wing thistle, erroneously cnllod the “star” thistle, 
the land would lose still more of its caiTying-<‘apacity. ' Views were also shown of 
land in Canterbury which had suffered ihrough the destruction of th(‘ tussock by 
injudicious burning. The loctui'cr said that the restocking of the land with grasses 
piosentcd a very dilficult problem, and it must necessarily be a slow process. Ife 
showed a number of views of American areas which exhibit(‘d the same depiction, 
and remarked that experiments for their restoration to usefulness had so far 
resulted in failure. The view's of Australian and American pasture were interesting 
as affording comparisons with New Zealand, as well as by introducing to the 
audience the grasses most affected in those countries. 

Mr. D. D. Macfarlone thanked the Institute for sending an invitation to the 
committee of the Agricultural and Pastoral Association to be present. They had 
listened to the address with very much interest. It was a fact that the carrying- 
capacity of runs in Canterbury was dccTcasing every year. That was partly due 
to continual burning, partly to overstocking, partly to rabbits and other causes. 
The chief cause, probalely, w-as the insecurity of tenure. If a tenant had a secure 
tenure, and his improvements were conserved to him, he would sec that his country 
was not destroyed. Every one knew' it was necessary to do a certain amount of 
burning, but it' should be done in the spring-time, and in sections which precluded 
the possibility of the fire spreading over the whole countiy. 

Mr J. Stevenson also referred with appreciation to the lecture, and remarked 
that the views of the depletion of land in America and Central Otago should be a 
warning to pastoralists to do everything in their power to preserve their pasture 
lands. 

There was some discussion as to whether the original pastoralists, before putting 
sheep among the tussocks, had had a “ burn,” but no definite information appeared 
to be available. 

Mr M, Murphy, who briefly referred to the evils of overstocking and 
injudicious burning, proposed a vote of thanks to the lecturer, and this was carried 
unanimously. 

This account is taken from the ChriHtchurcli Press, to wdiich tlianks 
are due. 
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HAWKE’S BAY PHILOSOPHICAL SOCIETY. 


Kihst Mrbt[N«: 21th May^ IdlO. 

Piosonl : Prohidciil (in tho chair), and a larf»c ninnl^er nf ladies 

and ^enilenion. 

Xew Memhdii. — 11. Hill, W. Fossey, and Dr. Sinicox. 

Leefu/r, — Dr. Henry ^ave a leeiure on ‘'Heredity and Disease. ” A 
bri<‘i* dis<Mission t'ollowed. 

Prizes . — Prizes ^^ere offered (o school-children for Ix^st eolloctions of 
shells, insects, and jdanls. 

Polj/nesunf Society . — Tlie Institute Ix'caino a member of the Polynesian 
Society. 


Sw(m’i) Mi5KTIJX<j: 2J/th June, tf)10. 

Present : The President (in the chair), and about tifty otheis. 

N(w Memhirs, — Rev*, ll. I. Coates, J. Fitzgerald, R. Orant, J. King, 
J. Snodgrass, and J. P. Tlumison. 

Papers . — 1. “ Taravv<‘ra and Rotoinahana soon after the Kruption of 
188C) and Twenty-tlir(‘e Years later,*’ by Mr. H. Hill, B.A., F.G.S. 


Abstbact. 

In this pnpor the author eoniparcs tho appearance of tho Rotomahana district 
as known before the eruption and soon after the eiuption, with the present appear- 
ance. . , . 

Flo vi.siti*(l the devastated area soon after the eruption, and, in company witli 
Mr. Blythe, the otlicor in charge of road-construction, inspected the rift in Tara- 
wera, the earblKpiaki^ flats towards Pareheru and Tikitapu, the sites of Wairoa, 
Rotomahana, Waimangu to be, and the .scaret'ly known Wai-o-iapu Valley, whore 
they christened thi‘ Primroh(‘ I'errace. These are described, the desolate dull grey 
of the country, and tlie vawning, hissing, steaming abyss which took tho place of 
the Ix'autiful Potomahami and its torraecs, being then very impressive. 

Stone-*, eindiM’s, ashes, and sand came from the voh'anoos, but only bluish- 
Grey mud seems to have come from the Hotomahana crater. . - .i 

Destru('tivt‘ effi‘cts seimied wanting to the south of the ridge separating the 
drainage-aivns of Potomahana and Wai-o-tapu, hardly any trace of eruption being 

noticeable in the latter plae<‘. m i i. iu ii iiir nu « 

Tlie etmntrv b(*for<* tlu* eruiition was described by the llev. Mr. Ohapinan 
(“Missionary Hm>r<l,” 1838); n\clTc>nbi.oh (1841); Hov. W. ColensoJ'* Tasmanian 
Jouvnnl of Ki-ionoo." vol. i) ; -HochsMlcr (1859), whose map, pubhshod in W03, is 
the only authoritative one of the prc-cruption time known to tho writer; Domett 

(in “Ranolf and Amohia”), Trollope, and Froude. 

Since the eruption llotonialiana incroasocl from 25 in August, 188b, to 

5,600 acres in 1806, and rose from a level of 505 ft. to 98 j ft. It 
7,500 acres in extent. It seems to be fed by underground springs as well as by the 

ordinary drainage- water. j- a • j 

River-basin formation can bo well studied m tho district. • / 4 

Tho country is now fairly well covered with vegetation, lichens, acacia (used 
hero for flr'Sd), gross, oloyor. fern. H/Mium, amdthma, Frromra, Draco- 
phyllum, and tutu hidng mentioned as noticed. 
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2. Taupo Plateau/^ by Mr. IJ. Hill, H.A., F.G.S. 

Abstbaut. 

This paper is an account of the formations mot with botwoon Napier and Taupo 
along the coach-road, and an explanation of the way in which the surface of Taupo 
district has been altered. Of two diagrams accompanying the paper, one shows the 
beds lying alongside the road, and the other Ijako Taupo with its more important 
geological features. 

Starting from near Napier, the appearames of limestone, eonglonieiate, shingle, 
sand, fossiliferous sand, and pumice are noted. Titiokiira Iliil is of Mioivne beds, 
At Taurangakuma .ire Maitai slates, and thtneo lo Ta raw era slates and sandston<*8 
prevail, intrusive volcanic rocks appearing near Tarawera; beyond are rhyolites 
Sandstones of Otuniakioi are similar to the Permian of England. Piki-o-kiko-wera 
is of volcanic rocks. 

On from Kununga are lavas and pumice tei races. Volcanic mounds and crateral 
lakes are noticeable. The Jlangitaiki lliver lises in such lakes. Trachytes appeal*, 
and sandstones top the low hills at the noi*th of the Kaimanawa Mountains. Peat 
lignites, 9 ft. thick, are exposed in the Rangitailii bod, and these are overlaid with 
pumice. The country here seems to have been covered by a series of lakes. Down 
the liyer are remnants of an immense crater. 

Thirteen miles from Taupo is a ridge whicli seems the eastern side* of a great 
TiUipo crater. 

The alteration in the drainage-areas of Taupo district and of Hawke's Bay by 
the erupiions of Taupo, Tlotokawa, and Pihanga volcanoes is explained. The em‘cta 
of earthquake-action I’ound Tanpo are discussed, and Maori lengends ur(‘ quoted to 
support the views put forth. 

The Institute e.’cprcssed its sense of the sorvicoH reiidorod by Mr. Hill 
in past years, and wiislied hitu a pleasant time during his coining visit to 
England. 
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1. Additions to the Fish Fauna of New Zealand, l)y KcUpt K, Waite. 

F.L.S., (^ink‘r1)ur\ Muscinii 

'lh<‘ iollowjjif* aro aiiionfi the more notowoi-tli} hpecies taken in 1007 h\ the 
(Jovernrnont trawling expedition, additional to those previously enjimerated. Kullei 
(h'seriptions and figures will he published later, 

i*hloroithlh(dnt».s nUjilinnnh (iunthev. 

This speeies was fiecdy taken on two oet'asions in the B.iy of Plenty, and is an 
.ulclitum to the known fjunia. The only spceics ol the genus hithcito recognized 
Iroin Now Zoalan<l is (^. (ji'tivUis ( hinther. hut it was not obtained hy the expedi- 
tion. 


M w'rorhum .^('olopnjt Innnaeus, 

Not hiiving European examples for (lir<‘< t cmnpnuson, 1 piovi‘*ionally associate 
with this species (‘xainplcss netted in the ]i.iy ot Plenty. The snijio-fish was hut 
once taken, M'viuitemi (.xainph's being securect; great numb(n*s escaped through the 
large meshes of the trawl net as it was being hauh^d to the siirfaeo, and the inajonp 
ot tlioso presiM'ved were skimmed off the surface of the watcir with a hand-net. I no 
genus was prtwiously unknown in the watcM’s of the Dominion. 


nouti sp. nov. 

D,, 30; P., 13; t> ; iings, Ih 1 49 - b7. . 

Loiigth of head 7-4 in the total, 2*() in head and body, height 2*8 m the same : 
PVO 7-oT snout, 1-7 in tho hod. The doi-Siil beijins, on the 17th wnf .and stands 
on ton vings The I)food-pouch o<'<'tipics twelve rings, and nieasuies fl-l m tho taU. 

The hlad is low, being Imt hall the depth of the body ; the snout is long, more 
than twiiM tho post-oibital length of the head; the dorsal begins on the antorioi 
of the two riuga*^ (Mriipied by the vent, and its base is not elevated ; the opoitle is 

Colour green wih) brown eross bauds, five siinu-bands on Ihc body; the thrw 
middle bauds, oaeh of whieh oeeupiis three rings, have, abovi> tho ‘’“8® 

tlio bodv, a brown vertical maik on e.'ieli of the eontribiitiiig >'>«!?*; then* nie 
nmipMe bands n.-ross the iail; a l.rovvn line from th.- <>.ve to the snout, on each 

*^"*' The nearest ally of S. iwinv appears to be S. MniMrinlui^ Kaup, the markings 
ia'ing described thus : “ Under thi' intemipled latera line, 10 cross striptw ; abwe 
tbit line7.iellow spots with black borders.’' .In the New Zealand species the body- 
bnndfi are coTifined to the upper half of the sicle. Dougbh, 2-1 min. 

Netted from Stewart Island northward hi Pegasus Bay; also obtained fiom 
the komaehs of rall'ir/ii/nelinx and Puli/prion. 


ZmclUtiu^ eh fill m Ramsay and Ogilby. , , 

single example of this fish was taken m the Bay ol Plenty, 
an addition to the known fauna of New Zealand. 


and constitutes 


^°'ln**l 872 *’CasSan"iised the name «i>/inr(/sorti« geneneally 

LftTod .b^Sn’daebno? 
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applied by C’astelnaii. Mr. A R. MclJulloch, whose name I associate W’ith the 
species, informs me that he has received a largo number of specimens, which enable 
him to pronounce FI. fatuvUi as the young of Af. Jahiof^a, notwithstanding the 
differences exhibited i>y the type' specimen. 

Vcpohi not (a sp. nov. 

D., 74; A., 69; V., i, 5; P., 20; (M 4. 

Tjen|»th ot head, 9 8; height of body, 126 in the length; dianu'tm of eye, Jl’O ; 
interorbital width, 6'0 ; and length of snout, 5*1 in thi‘ head. 

The preoperclc is unarmed, and the maxilla extends to below the middle of the 
eye. The lower jaw protrudes and 6ts into a notch in the upper one*, the anterior 
teeth remaining without when the mouth is closed; the tec'th in the jaws are in 
single series, but there is a patch in front of the lowei jaw, the anterior t.eeth of 
which are strongly curved ; there are no teeth on the vomer, palatines, or tongue. 
The dorsal fin arises above the edge of the opc'rclc, the anal less than the* length 
of the head behind it. 

The scales are extremely small; no colour remains aft(3r the partial digestion of 
the fish, but there is a conspicuous black spot on the membrane Ix'twc'c'n the maxilla 
and premaxilla ; no mark traceable on the dorsal fin. 

The largest specimen was taken from the stomach of a smaller ones were 

obtained from Pagro'^omm ; all being taken in the Bay of Plenty. 

The genus is new to the w^aters of the Dominion, and the .species is typically a 
f'e/Wfl as restricted by Blcoker. The Australian ('. aunhnfis Ogilby differs in 
having a much smaller number of rays in the donsal and anal, and also by the 
absence of the black spot noticed in other species. (\ aofva may prov(‘ to be not 
distinct from but, pending absoIut.c comparison, may receive a distinc- 

tive name. 

P^imdoUthrui^ piftiHuis sp. nov. 

B., ix, 11 ; A., iii, 10; V., i, 5; P., 13; 14 + 11; L. iai., 25 ; L. tr., 4 [ 9. 

Length of head, 2*7; height of body, ,2 6; length of caudal, 3*4 in the total; 
diametei of eye, 7*0, interovbital space 4 0 ; and length of snout, 2*9 in the head. 

Four series of scales on the cheek, no sheath at bases of vortical fins. Caudal 
subtruncate the depth of the peduncle, 1*9 in the length ot the head. 

General colour purplish, darker above, yellow beneath. Six dark bands on the 
body; they do not reach the lower edge; the first is close behind the head, the 
last on the caudal peduncle; these bands extend on to the membranes of the dorsal 
fin. The pectoral has a purple bar across its basis and the distal two-thirds of the 
ventrals are black. Length, 271 mm. 

Caught with hand-lino off Pitt Island, one of the Chatham Group. 

Piarygotiighf Waite. 

In diagnosing Olohime, a new genus of gurnards, Drs. tiordan and Starks con- 
trast it with (^hvlUlonkhthijH^ but do not mention F^fcn/golngla, which loads me 
to infer that they have overlooked the latter genus, of which Ofofnmv appears to be 
a synonym. 

Ptt'rygotrigla has thus thiee species —namely, P. pofynmmala Biehardson, 
P. /iiinkfirfa Jordan and Starks, and the following : — 

Ph'rjjgotngUi an(i(rfoni sp. no\. 

1)., vii. 12; A., i, 11; V., i, 5 ; P., ll + 3; (\, 11+8; L. lat. 95, Veit. 
10 + 16 = 26. 

Length of head, 2*9; height of body, 3*8; length of caudal, 4*8 in the total; 
diameter of eye 3*2, interorbital space 3*0; and len^h of snout, 2*1 in the head. 

Form and coloration much as in Pterygotrigla 7ie mint i eta, but maxilla does not 
extend beyond the anterior margin of the orbit. One large plate in front of the 
dorsal fin and five pairs of smaller ones bordering the spines. The rays are rela- 
tively higher and both pectoral and ventral are longer, while the chiropods (frec‘ 
pectoral rays) are shorter than in that species. The black spot on the dorsal fin of 
P, hemistirfa is replaced with small scattered spots like those on the body; the 
rays bear three rows of spots, and the ventrals and chiropods are also spotted. The 
pectoral of P. hvm^sficta has two rows of milk-white spots, whereas in P. anderfoni 
there are seven black bars. 

Length 294mm. Bay of Plenty; trawled by Mr. Thomas Anderton, of the 
Portobeno Fish-batchery, Port Chalmers. 
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2. The Pharmacological Action of Tutu, the Toot-plant of New Zea-' 
land,!)} Proiosasot C. ll. Marsiiall (Tianh. H(»y. Soc. of Edinburgh," 
vol. xlvii, 1910, pt. ii, No. 13, pp. 287-316, 9 figuroR). MS. 
received, 2011i Novenibev, 1909; vead, 21st Juno, 1909; issued 
separately, 29tli January, 1910. 

Professor IMarsluill has been woiking at the pharmacology of tutu daring the 
last ten years, the pure tutiu being supplied by Professor Easlerfiold and the 
al)straetor. Being published al'tei the leseau-lu's ol l)i. Fitdiett and Professor 
Maltohu (Trans. N.Z. Inst., xh, p. 28G), the author’s paper will no doubt be read 
with eonsidcrable interest. Piofessor Marshall in a footnote states, in so far as 
the oxporim(‘nts ai-e common with those of Fitchett and Malcolm the results are 
m general agreement; (m a few physiological points (mly ,ire the lesearchos not in 
accord. 

fessor Mai shall thus summarises his lesults 

1. Tutin, the a(‘tive principle of the toot plant, causes (‘pileptoid convulsions 
in various classes of animals. After larg-' doses to labliiU the eailiest convulsions 
(ommence with a general toiiie spasm, which is followed by elonic movements. 
AfU*r small eonvulsant doses the (‘onvidsions begin with clonic spasms of the muscles 
of the head. These extend to the fore and then to Ihe hind pai*t of the body, and 
may tmaiiinate in a tome spasm. The hitler convulsions after larger doses also 
assume this f<ivm. Alter the initial convulsions following small doses, somersault- 
ing movements ar(‘ not nncominon. 

2. The convulsions aic mainly of cortical and pontine origin. Convulsive move- 
ments can be oiitained wlum the brain is divided tielow th(‘ pons, but they are leas 
characteristic and ai'(‘ more difihmlt to induce than when tlio pons is intact. In 
Irogs the optic lobes mhmii to be the most iiiipoitant centres alleet<‘d. Unequivocal 
conclusiv* movements were not obtained below a section ol the spinal cord. 

3. The convulsions arising in the pons aie \eiy sustepiible to anaeslholics. This 
probably explains why convulsions are limiti'd to one side after excision of one 
cerebral' liemisphero during the continuance of the an«iesth(‘sia. 

4. In unanaeslhetizod labbits the two foie limbs act together, and the two hind 
limbs act in concert and synohionously during tutin convulsions; in the anaes- 
thetized animal the liinb-movements are often asynchronous. Individual muscles of 
the limbs often act vicariously, and this probably explains the irregular clonus 
which the movements of the limbs show, 

5. Preceding the onset of the convulsions the medullary centres are stimulated. 
This effect is also produced by non -eonvulsant do&cs. 

0. All doses which produce an obvious action cause in rabbits a fall of body- 
temperature. 

7. When heat<‘d with dilute caustic-alkali solutions, tutin rapidly decomposes, 
the product being pharmacologically inactive. Prolonged lieating with dilute acids 
leads to the same result. 

«. Tlie substan(‘i‘ most closely allied to tutin -namely, eoriamyrtin— is a more 
powerful eonvulsant, and, for similar physiological doses, is more rapid and more 
transient in a<*tioii than tutin. B. C. 


3, New Zealand Ctenophores. “Kuccolto planctonicho, fatte dalla R- 
navo ‘ Liguria ’ ” : vol. ii, (Jtmojori, by Alessandro Ghigi, 1909. 

In 1906 there was published (Trans. N.Z. Inst., xxxix, p.‘138) an account of 
two spocios of Ctenophores from the Now Zealand sons, the first to bo recorded 
scientifically — viz., livrtx fi/takeapeari and Phiplokamii^ Pixifessor Ghigi 

now publishes a report on the reprosentativos of this group collected during the 
cruise of the Italian warship “ Liguria.*’ The ship visited Now Zealand in 1904, 
and amongst the new species recorded are two from our seas — viz, ^ 11 ormiphora 
hhiaVis and Sahattdia fUjurlm*, the latter being the type and sole species of a now 
genus. The former was obtained between Norfolk Island and Auckland; the latter 
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between Cape Campbell and Lyttelton. Both of the now species are figured. More- 
over, the species which I attributed to Enplohamh Professor Ghigi places with two 
others in a new genua Moneria. We now know four species of Ctonophoros from 
our seas, the result of mere haphazard collecting : this suggests that with more 
systematic research many more species will be found. Our knowle(lg<‘ of these lower 
pelagic forms is very nieagn*. W. B. B. 


4. New Zealand Petrels. 

The fifth and concluding part of F. du (Jane Oodiiian’s “ Monograph of the 
Petrels'* has now been received, and it perhaps would be well therefore to add t<i 
the extract from the book which I have already made relating to the New Zealand 
petrels/ for the information of workers in this country. 

lotion hnvirostm Gould (Short-billed Blue Petrol). Plate Ixwv. 

“Gould’s name for this Prion must be changed, as, although ho quotes his 
description of P. ariel as o<*curring in a paper published in the * Proeeedings of the 
Zoological Society,’ it is not bo he found there, and it Ihorofore becomes a nomvn 
nudurn. As Professor Rcichonow points out, the bird must now be designated 
P, breviroitfri^. Although Sir Walter Bullor separated the two forms under the 
names of P. arid and P, hreviroRtriHy 1 can see no diffeitmce between tho type 
specimen of the latter from Mudeim and the ordinary speeimens from Australian 
seas usually called P. ariil." 

Pelecanoidei^ urinatiix Gm. (Diving Petrel). Plate Ixxxvi. 

This bird appears to be found in the southern part of South America. There 
is considerable variation in this species, and apparently there is a slight differeiuMi 
in the form found in Austialia and the New Zealand form 

Pehcanoideb exitiil Salvin (Kerguelen Diving Petrel). Plate lxx.Kvii. 

Nestlings from the Chablinin Islands are described. 

Dhmedea rxulans Linn, (Wandering Albatros). Plate Ixxxix. 

A good summary of the history of this difficult species is given. It is oui 
Antipodes Island bird, and its only known nesting-place is on that island. 

Dhmcdia regia Buller (Royal Albatros). Plate xc. 

The figui'e of both this und the prt*vious species appeal to me to he i^apable ot 
improvement. 

Piomedta melanophryi^ Boio (Black-eyebrowed Albatros). Plate xcvii. 

This very widely -ranging species is well figured. 

})\omed^a bullet i Rothschild (Buller’s Albatros). Plau^ xevin. 

The description and figure are taken from the type speidimm in the I'ring 
kluseum obtained from the Snares. 

Thalassogeron eautu'^ Gould (Shy Mollymawk). Plate xeix. 

Thalaasogeron balvitii Rothschild (Salvin’s Albatros). Plate c. 

Breeds on Bounty Island. 

Thalussoyeroti cubninatuh Gould (Grey-headed Albatros). Plate ci. 

Mainly in the seas to the south of New Zealand, although stvagglei*s have been 
recorded from widely separated localities. 

Phalassogeron chlorohgnr?nff> Gm. (Yellow-nosed Albatros). Plate cii. 

The figure makes it easy to separate this from the preceding species. 


Proceedings N.Z. Inst., 1908-9, pt. ii, p. 61. 
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t'hoebctria /utajino^a (iin. (Sooty Albatios). Plato t-iii. 

This species brotMls on the Ainkland and the Antipodes Islands 

J^hoehvfna rorniroatt^^ Hntton | Hutton's Sooty Alhatros). 

The author erects this bird into a separate species, intending to tonsider it a 
variety of fulUjlnosa. It appcuirs to have a more southern range than the darker 
form. The adult is deh(‘iil>ed as being similar. 

'J’he whole work is provided with a sulluient index and a small list of errata 
iiml eorrigeiida. Mr. (lodman in the preface to the whole work points out the 
lUfhenlties be lias been labouiing undei in <omjdelmg the woik begun by the late 
Mr. Salviu, ami makes liis aeknowledgmenls to those who have helped to* carry the 
work to a successful eompletion. Mr Keulemann’s drawings have been coloured by 
Ur. Sharp’s daughlei.s. TIkmu' is no doubt tliat this monograph w'ill be of much 
use in the study of this admittedly dilHeuIt group. Thoie is also an article by 
Mr. Pyeraft on the systemalh* position oi the petrels liom their anatomical 
character. This is followed by a, hyst<*inatie list of the spc< and a classification 
of the group, with a k(‘v to the subfinuilies and species. 

A H 


Ti. Globicephalus melas 

All important paper on the oslevilog;^ ol the skull oi (rtohU'i phalm, mdua Traill 
appeals in the “ Annuario d<*l Mnseo Zoologieo della 11. Universita di Napoli” 
(nuova serie), \<il. iii, No. {if th<» 21st Oct<jbei, IfihO, relating to a specimen 
obtained from th(‘ (lulf ot Salerno, w'heie, however, it is of very raio occurrence. 
Three photogr«iphic viiwvs of th<‘ skull are givem. The paper gives an interesting 
history of the hpo(‘i4‘s so far as relates to its oceiinenee in I he M(‘d i terra nean. It 
occurs somewhat fnvjuently on lh<* coasts ol New’ Zealand. The paper also con- 
tains a table ami iimasurernents, and a list (»f works eiled 

A H 


0. Mesoplodon bowdoini Amirewts. 

Ill volume xxiv oi the Bulletin oi the Aimu'uan Museum ul Natural History, 
published in 1008, there is mu uHiele, coinimmcing oii page 203, describing a new 
8peei<‘s of Mivt/iloilnn from the (hiiiterbury Proviiu’c, Ntwv Zealand, by Itoy 0 
Andrews, with a plait* (No. 12) and five test figmes. This paper is descriptive of a 
skeleton eollectiul at New Brighton Beach, (’hristehuroh, in 11)04, and now in the 
American Museum {»f Natural History. The speiies has been named M. bowdoini 
in honour of Cb S. Bowtloiu, one <»f the Trustees oi the Museum. A full series of 
measurtuiK'utH are giv{‘n, and illustrations of the most important parts of the 
analom\ , llnfoi lunately no eoiupnrisons are given with the known New Zealand 
specic‘s, but the nuusurtmieiiLs of d/, bidna and the allied sjhmucs M. ruropacu't are 
supplied. Tin* •>k(dcion is s(ipp<ise<i tti be ih.it of an adult male. 


7. New Zealand Lichens. 

It niiiy interest botanical workers in New Zealand to know that there is a 
good bibliography by Kdwin Oheel of the literature on Australian and Now Zealand 
lichens in the frounial of tin* Iloyal Society of New South Wales, vol. xl, 1906. The 
New Zealand poHioii is contained in the second paper, commencing at No. 146, on 
page 147, and runs up to No. 204, on page H31. The bibliogi’aphy gives the papers 
on the lichims of the Chatham Islands and Campbell Island, and several other 
groups, such a.s Fiji, New Hebrides, Tonga, Samoa, &{*. The first part, which is 
Australian, is in vol. xxxvii, pp. 171 8*2, 1903. 


A H 
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8 Maori Numeration. 

[lh( lollo^vii)., pioNnhs whuli \\<n int<n(l(«l lo uuni) i!»\ tlu pipu tm 
‘ Maoii Numeidtiow, ’ by ILiu* lloim ('Iiiiis N Z Insl ol \1m p \^(l( 

omitted owjn^ to m ov(isi£>lil Ei> ] 


I if if i ti(/afiun iHijtthi wdliimi <u 

Uuvistlinu, piles (ol lood) piin^ lime low stoeks 

\(fafiuiu kii nuif/a v/p/' ini fu itti oi 

(Si4n ot) t( nth month ihove ol lood ihundnut Iw lo\^ 

Xfjahuiu I Ilia /r/i, f mti Uuitfufa oi 

Haivesttimc \\odth ot loods (»ms( <|ut nth ol mmkind 

\{fQh\nn (onui f< I ai t iiiui fi fttn fata in 
Haivest month it in londs it in niinkind 

home ll iei( limes to those who isoidtd the hhoins ol till u* 

la fi foan/a ahafajjin infa/nnu oi 
\bsont it dus^ini, tune piesent it Innesttinu 

koatiffa fanqata tain lUfa/iuia fiufa ii at oi 
\t di^f^mc^tinu \ single tiiend it hn vest time suiioimeled 

Ift ntfalnnu In nioi oi 

\t hai\(st tune pla^e.ls (iie hind loi i dine ol om seiops) 

\qnhuut fat han<fai haiufa f ai aio ft oi 

\t hiiMsttnne (\ou) hee one bond it tdl ^e time ivon) lice inotheis 
bond 


John Maikai (Tovuniiiint Pimtiei, NNdlin^lon — lOlO 
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Tuiiti) AIuktixi. ()f/i Jtthf, 1910. 

Mr. A. Flam ill on, Pmsnlont, in the chair. 

Member,-- -)Xv. K. S* Baldwin, 

A^irotiomfcul Sictioif . — The Brosi<k‘iit refeir<‘(l to the report of the 
coniinitUH* on iho })ro])osod Fonnntion of an AKtronomical Hcction, and 
announced that owinj; io lack of time tlio (\mn(‘il was not prepared to 
rocoininend any pro])osul at prehoni, but that a confertuiee between the 
(Jouneil and the committee vsouhl take jdaco at an early date. 

Mr. (\ P. Powles, (^liairman of the eomnHttt‘e, expressed <liBappoiiit- 
n‘ent that tlie (Nnineil had not liad time to reach a ooncluHiou, and hoped 
ihe iiit<Mided eonfi'nmee wouhl 1 k' lield hhorth for th<‘ pnrpow' of pultinju: 
s('m(*thing definite Ixlorc* the public. 

hiperH,--\, “ Not<‘s and I)eM,*riptionh of New Zealand IjepidopUrtt,'" 
b) Mr. K. Meyrick, H.A., K.U.H., K.Z.S.; communicated by Mr. (J. V. 
Hudson. 

2. ** A Ilt'viHion of the (Ilassification of tin* New Zealand Torfrieuia,^* 
by Mr, E. M<‘yriok, B.A., P.R.H., E.Z.R. ; eoinnmnioated In Mr. (J. V. 
ITudbon. 

.1 “ Notobon th<‘ Idfe-histoi’} of MeOowhni rkodopleura and Leurattta 
tpia^fra Meyriek/' by Mr. R, M. Runley. 

Now Zealand Lepidoptera: Notes on Collections made in 
1909-10,*’ by Mr. II. Hamilton, A,0.S..\i. ; communicated by Mr. A. 
Hamilton. 

EMhiU , — The President eiliibited iutei'Chting entomological speci- 
mens rocvntly added to tlie Museum ; also sonio stone implements recently 
received from India. 

The Pr(‘sident announced that the sum of £10 had been voted to 
Professor Biokerton to assist him in the elaboration and publication of 
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hi& aatronouiioal llioor^ ; hut tlio Council, in wishing him every snecess 
in his ofiorts to obtain a Tull hearing f<»r his tlioory, does not [>rof<‘H8 
to form aji opinion as to its nundts, Inil wishes In'm to have ever\ t‘a<*ility 
in presenting it to the astronoiniotil stHOidh's Tor eritieism. 

Johit Ijihi<(vy Sr/ieme.- -Tlie (Miainnnn aimonneiMl ili.it tlie Comieil 
had resolved to allow Victoria Colleg<‘ students and others inten^sted 
the privilege of consulliug Ixtoks in the lihr.ir\, under suitable n'gu 
lations to be drawn up by tin* Council. 


Fouuth MKETiN<i; Jrd 1010. 

Mr. Thomas King, Yico-P resident, in the elniir. 

A%trm\Qmlml SecUon. — The report of the (‘onnnittee std ii]) 1<> ndvis<' 
on the formation of nn Astronomical t^ection was rceidved, and oon- 
tained the following resolutions of the connuittce 

1. That an Astronomical Section ol the Wellington Philosopjihal Society he 
foimed. 

2. That the objects of the section be the establishment of nn ohservaloiy m 
01 about Wellington, and the promotion of the study ot astionomical subjects 
generally. 

3. That a fund be established for promoting the objects of tlie (Jaiter ho(|uest, 
and for rendering it available as soon as possible. 

4. That the proposed observatory, if established, be cidlecl the King Edward VI 1 
Memorial Observatory, as a momoiial to the late King. 

5. That the question of promoting such u momorial Ik* bi ought before the 
public, and that for this purpose a committee bo formed, inchnling prominent 
citizens, in conjunction with memb(*i*s of the Philosophical Society, 

On the motion of Professor Eastcrticld, seconded by Mr. <». 
Hudson, it was resolved, That an Aslronoinical Section of the Welling- 
ton Philosophical Society be formed. 

On the motion of Mr. G, Hogbeii, secoinlod by Professor Picki'u, it 
was resolved, That the Secretary should call ii meeting of all who desire 
to form the section, and that the new section be fortliwiili formed, and 
elect its own officers. 

Papers. — 1. ‘‘ University lie form, by Professor T, II. baby. 

2. “The Need for a Society of Eugenics in New Z(‘aland,’’ Pro- 
fessor H. B. Kirk. 

[Reports of these papers, and of the discussion thereon, were j)nl)- 
lished in the Seir Zealand Timth of the 4th and 6th August.] 


Special Mebtiistg : A'ntjust, 1910. 

Mr. Thomas King, Vice-Pi’csidcnt, in the chair. 

An apology was received from Mr. A. Hamilton, President, for non- 
attendance, on account of ill health. 

Mr. T. Buckley, Chief Electrician of the Telegraph Department, 
delivered an interesting lecture on wireless tolcgrapliy, illustrated by 
numerous diagrams and experiments. Tlie lecturer reviewed briefly the 
history of “ wireless/’ and described the existing systems in consider- 
able detail, and gave a number of practical illustrations on the apparatus 
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ert'ctod in the kvtnro-room. The Icduiv wns listened to with close 
attention, and on Hm eonchision the Chnirninn moved a hearty vote f>f 
thanks to Mr. Buckley fm his interesi injj; «nd instructive k*c*tiire 


SiM.civn MwKTiNfu. JJtu/ At/(/f(,sf, lUtO. 

Mr. A. Hamilton, Prt‘Kidonl, in the chair. 

Antroihomival -Tliis nieeliui* was held in accorduiioc with 

the rcHolutioiiH carru'd at the rncMiting lu»l<l on the 3id August to form 
ail Astronomical Section ot* the soci<‘t;y. 

The Secrotai’v read the resolutions relatint» to the sKtion. 

Thu President hrh'tiy <‘\plained the ohjeets td* the section, wliich lie 
declared didv formed lie tlieii left th<‘ ehnir, ami the section met to 
elect its oflicerK, Ac. 


Fiktii Mkktim.*: 7th i^fptemha^ 1910, 

Mr. A, Hamilton, Presi<leni, in the chair. 

The Ohairman referred sympathetiealh to the loss ti»e society hail 
snstaiiicd in tlu* death of Mr. <lleorf>e Denton, a ver^ old member of 
the society, and of Mr, Alexander Shand ; and, on the motion of Mi. 
King, it was ri'solved tliat vot<*K of sympatli\ and eondolena' should be 
ootnmuuioated to tluur relativ<*s. 

Mr. U. L. James was pnwented by indisposition from attending the 
meeting, and apologiz<‘d for being unable to deliver his address on 
** Othello.^' 

yVr/icr-s.— 1. Professor Kirk ojXMied the adjourned discussion on liis 
paper on the need for a Sindety of Kugeiiios in New Zealand, and briotly 
repoatoci the argunumts in favour of the establishment of such a society. 

Mr. <J. V, Hudson, in sujiporting Profi'ssov Kirk, inade a strong ])lou 
for the siud\ of tlie seuMice of li<‘redit^\ in our educational instifntious. 

2. Notes on the Discov<‘ry of DaefiflatitlufH Taf/loriA' by Mr. James 
Hraul, B.A.; communicated by Mr. T. W. Downes. In the absence of 
Mr. Downes, this paisu* was read b> the (Jliairinan. 

3. ‘‘ Pridiminary Note on the Kiingi of Hie N<‘W Zealand Kpipliytic 
Orchids,” by Mr. T. H. LaneuHter; comimiiiicateil by ProfosHor Kirk. 
On the invitation of the (Miairman, Mr. Lancaster road his paper. 

EMOitfi,- I. Mr. M. (Vompton Smitli exliihited a holio-chrono- 
meter, or universal sun-dial, uiul stateil tliat trials carried out by 
himself showed that the instrument will give the lime correct within a 
minute or less, au<l tliat not only can local mean time 1h' obtained, but 
that the iustrunient will also give standard tiini* as well as local, and 
standard time for any otlier place to which it is set. 

2. The riiairnuiii <^\hibiied an ancient stone bowl trom the east 

coasts a carveil ston<* from llabbit Island, Nelson, jirobably used as a 
kanaka god; and an otietva, or blackstone men, , , , , 

3. Mr, 0. V. Hudson exhibited Rome <'\cellent enlarged pliotogniphs 
<.f insects, by Mr. Davies, Oroytown. 
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Proceedijigs, 


AUCKLAND INSTITUTE. 


b^ouirni AlKMTiNt; : /^i 1910, 

Dj*. \{, lirilTault, Prosidoiit, in the elinir. 

Lccture.^Mv, A. Wyllie, EkK^tincal Eii^iiiec'r t-n the ()i(^ of Aiiek- 
land, delivered a lecture on “ WirolcsK Telejdiony." 

Tho lecturer explained the different sjrsteuis ut present in use, takinj* iivhi of 
all those dependent on light or heat radiation, such as the j)ii(>t(>ph<)ne, the speak- 
ing are, tho photographophone, &r. He then passed on to consider those ino<ies 
which are worked by means oi electrical forces, explaining at some length closed- 
i'ircuit telephony, electro-magnetic induction ttdephony, and spark telephony. 

A lar)i^e inunbor of illuslrutive ox|K.‘i‘i incuts atxMinipaiiicd the Icctnn*, 
an<l the “speaking arc’' was cxhihittMl for the first tinn‘ in Auckland. 
A unauiinous vot(‘ of thanks was award(‘d to Mr. Wyllio. 


Fifth Miaktinu : ilQfh 1910. 

Dr, 11. Briifault, Prosideut, in the chair. 

MVtiio Members. — A. Allison, J. C. Dickinson, W. Colo, F. Finch, 
<i. Graham, D. Holdorness, T. Macfarlaue, J. K. Moore, Hon, J. 
McGowan, A. H. V. Morgan, E. K. Miilgaii. 

Lectuir, — Air, E, Y, Aliller delivered a lecture on “The Ultra- 
microscope.” 

The lecturer pointed out that the magnitude of an ol)ject which can he ren- 
dered visible by tho highest power of the miewscope is now well understood, and 
that from the very natm'o of light we cannot hope for much further improvement. 
I’hose objects which are too small to be revealed by the ordinary mi<Toscopc ar<* 
consequently called ultiamicroscopic,” and re<piiro special modes* of treatment to 
make their piesence appreciable. There are two mot hods at present in existence, 
which may be called respectively that of ultra-violet light and tliat of diiTi’action 
on a dark field. Tho lecturer showed that by modirieation of these two systems jt 
is possible to render visible infinitely smaller things than <*an be exhibited by tht* 
finest microscope, and that ev(*n the almost ineouceivably small ])artieles suspended 
in a colloidal solution can bo seen, measured, and their mov«‘nieniK observed. 


Sixth Mebtino : 26t/i September, 19/0. 

Dr. Si. Brififanlt, President, in the cliaiv. 

Yew Members. — E. A. Price, J. W. Stewart, R. Leslie Stewart, J. 
Wilson. 

Lecture . — The Rev. Archdeacon Walsh gave a lecture on “ The Effects 
of the Disappearance of the Kew Zealand Bush.” 

The lecturer sketched the causes of the destruction of the forests — cattle, fire, 
and the axe of the bushman. Cattle roam through the bush and destroy the under- 
powth, and fire follows immediately afterwards. The consequences of this de- 
iorestation are great and far-reaching, and are of two kinds, climatic and topo- 
graphical. 
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Dealini; tlir clnujitic t lunm*s, AMluU*anm Walsh said that ak'tt‘i t\No or 

thioc* h«vs had passod omm’ an a mm ot land i1 l<‘H tho soil voiy poor and si*antily 

protc<'t(‘d with vo^olalion. It luMainc oasil^ liratod by the sun, ami then iho an 

vas boated hy radiation From the oaith, 4;i\inf' rise to winds whicb piirobed up 

surrounding lands, pnau.duridy ripened <'iop.s, and rcndeied ollici arenas liable to 
Im‘ s\\t‘pt by lii'e. \\ ben tlie birests wen* iumi* the sea, tbeii destiuetum lol't the 
way open foi M‘a*\Mnds, wbub <Miri(*d salt spia> inanv miles inland, and killed 
still more veaetation. In northern 'raianaki and at Ilokiaiif^a it had been fonnd that 
severe fiosts, bit berto unknown, iiad lolloweil ilei’orestation, owint* to the loss oi 
piotcetion Fiom <‘old winds From the s<‘a. Although in many distiiets ovmy possible 
acre was bidn^ eh'aied in older to allow Foi the i»ia/iiu» ol daily eattle, it wotild 
ha\e l>een better bad a risisoriabb* amount (»l bush been b‘Ft standing; as pioteetion. 

As for topographieal resiiUs, when liea\> lain Fell on forest land most of it 
was held by the trei'S and <‘vajmrate<l ai'ain, Wlum the Inisli disappeaied the 
water bi‘j;an to flow on the sin Fa<‘e, eaiisinti erosion and landslips. This erosion 
j>radnally tilled the water of the lixms with solid matter, whieh was deposited on 
the bottom, raising the bed until the rivm* ovei bowed, and destroyed wide tracts 
of land by siltinj? and by eatini; out othei eouvsts, and event ualh (iinsed tin* 
formatioirof harbour bats. 

In many eountiii's For(‘stinj; work v\as earried out to a liiri;e extent, but the 
methods generally adoptoil w<‘re not at all appli(‘abl(‘ to tho New Zealand bush. 
H was im})ossible to thin New Z(*aland Forests. Once this work were started, fire 
must follow, and tin bush lie totally destroyed. And no amount of r(‘afF(>restation 
i'onld make iij) For the damaf»e whieli had already been done. 

Lookinj:; into th<‘ future, one (‘ould only see the danuige already done being 
greatly ineieased. Reaflor<‘station w'as beml* carried on in a way by tho Oovom- 
ment/but not at all in propoition to the area which had beim wasted. There W'us 
no hope that Fori'sts at present standing would remain intact. Land must be 
found for settlers, and as long as thmv wmis a demand For timbei the sawmillej 
would lie fouml to attack tlie bush, Kven the present (Sovernment reserves w’ere 
not safe, and would not lie until they wen* surrounded by slont barbed-wire Fences, 
for, onco cattle and pigs got into tho bush, fire was a natural eonsiMpicnci*. Several 
reserves have already been lost in this w*ay. 

Settlers in difTerent parts should he made to keep certain areas always under 
timber. 1’hus they would have adequate protection for their nMnaining lands, 
while at the same time they would find Unit they had no more profita|)le crop than 
their timber-treiss. 


Skvwntii MhlKTiM. : J}fh Oefobtr^ If) 10, 

Dr. It, DrifTault, President, in the eliaiv. 

fjerfitre. Tin* P(*v. 1). I). Seoti di’livered n leeture eiitif I<m 1 “ llu.xhy : 
an Aj)preciHti<)n and a (b’il iciKin/' 

Thi* h'cturev <‘mphasi«ed the human <{ualities of Pr(>ft‘H6or Huxley t he was 
neither by nor remote. With a tuw'ering intcllei'lualiiy, he had a childliki* and 
lovine/t^eminality, and a warm home-life. Ills early struggles no douht longhcm^d 
liim.'for his futiun w<»rk, and he lived through his trials to sei* tin* fruit of his 
iluxley’s groat services in support of tho theory of evolution were dw'elt 
•lipon, and then the lecturer entered upon the critical side, pointing om eei’tuin 
inconsisWneies in his logic, and partieularly in what may he (‘ailed his sidiirol ot 
philosophy. Tho lectun* concluded with a warm tributi* to Huxley's rare inde- 
pendence of (‘hara(*t(‘r and tj‘ansj)nren1 inlegriiy. 
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Proceedings 


MANAWATU PHILOSOPHICAL SOCIKTY. 


Thiud i\ri!iii;TiN(i : ofh St pfcmbcr, 19J0. 

The President, Mr. W. F. Diirword, in the chtiir. 

New Meiiiberfi. — Messrs. C. K. Ilewett, 11. McNab. 

Paper, — Mr. E. D. Hoben read a paper on “The Moving* Picture,*^ 
and its various historic, scientific, business, and educational aspects, 
showing the immeuse possibilities of the machine as it was <levelopiag-- 
how it would presently show scenes in natural colours and with all tlie 
sounds produced siimiltatieously. 

After tlie paper various ciucstions were asked, espcHiiolly in relation 
to the method of production of trick films, and attention was called to 
a remarkable film recently exhibited at the Empire Hall, in which a 
second picture is sliown within the covers of a book, apparmitly tpiito 
independent of the main movement. 

Alteration of Rnle , — On the motion of Captain Hewitt, acting for 
Mr. Eliott, seconded by Mr. Hoben, Rule was altere<l to r(‘a<l as fol- 
lows : Candidates may be elected members of the society, on the recom- 
uioinlatioii of a member of the Council and of one other ordinary 
member, by a majority of tlie Council prestmt at any nuK-diiig of the 
Council, and on payment of the annual subscri])tion witliin tlireo 
months.^’ 


Fourth Mbetog : 20fh October, 1910, 

The President, Mr. W. F. Durward, in the chair. 

Additions to the ilmeum , — Some recent additions to the Museum 
were exhibited, including the collwtioii of ferns exhilntod l)y Mr. Lan- 
caster at the last Winter Show of the local Agricultural an<I Pastoral 
Association, to whidi bad been awarded the society's prize ; also a col- 
lection of fossils from Scinde Island, and a couple of meres and some 
Maori ornaments, which were described by Mr. C. M, Waldegrave, the 
owner, one of the meres having belonged to Te Rauparaha. 

Paper, — Mr. E, McNab then read a most interesting paper on 
“Recent Researches into the History of Te Rauparaha’s Raid on 
Akaroa, and the French Race for the same Place in 1840/^ showing with 
regard to the latter event, from original documents, both French and 
English, that the generally accepted story was quite unsupported by 
facts. 
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()TA(}() INSTITUTE. 


KoiJirni Mr.i/rirs(. . hut Auyu^i, lUUh 
Tlio lM<'si(l(‘nt , Pr<>l\*ss()i WaU'is, ui tlic* ciiiiir. 

Tliorv woiv forts m(‘inl><‘rs ])rc‘s<.‘nt. 

New Members — M(‘ssrs. M. K. Stark, James Nicoll, and R. A. 
Piirquharson. 

Papas.- 1 Pror(‘ssor W^Heis laid on the table un important contri- 
bution l)s Mr. R. A. Panjuliarson, M.A., <'iilitled ‘^Tlie OcTurrouee of 
Platinum in N<'W >u(‘al<ind,” and be pnuHHidiMl to sliovs by moans of maps 
and diaurains ilie v.irions loealdns wlu*re tUv metal is obtained, and 
bow by dilbuvMit mtdbods ilu* |>ur<‘ !n<‘1al is iiunll\ extracted. ll<' spoke 
in bi^bls llatiiu in;ji t(‘rms of the work tiuil wms l)einj» doin' by Mr. 
Pa rqub arson. 

2. Mr. J, (’rosbs Smith sent in a pa})er on the plants of Lake 
llauroko, «ind tlds was read b\ tlie SiH'retary. 

NMuhits Mr. (b'orgi' Howes exhibited some fine spwdmeiis of 
Le pi ft opt era, and Dr, Ibuihain spoke of tin* valuable work that was 
beinj^ (loni‘ in the liebl b\ Mr. Howes. 

-Dr, Pulton ^ave a short address entitled ‘^An Hour with 
a Water Diviner,*’ and arj;u<‘d that in the man interviewed there was 
no more than a slir<‘wd knowledfj;e of localities, a ^ood idea of the run 
ol all the stri'ams in th<* district worktMl u)>on, and an almost imjier- 
eei»tibl<' voluntarN (‘ont ra<‘t ion <»r th(‘ Uiuseh's of the linjL»<‘rs, w'hicli <*uuse<I 
ih(* t\vij 4 to des<’t*ml wln'rev<*r it was (Us'ined e\])edu'nt. 

Dr. Denham and .Mr. Meliood also spoke on the subject. 


Pi(<’Tii Mmk'iin'u: 0th t^eptfmbu'^ WtO, 

TIu' Prosi<l(mt, Profe‘-sor Waters, in the chair. 

Hunv w'as a Iart>(' number of ineiulwrs and friends present. 

AMrefiif. — Dr. Oockayne, of Olu istebureb, gave a most interesting 
address, cntitle<l Tlio t^‘ientitic Importance of our Scenic Reserves, and 
National Parks,'* 

Tho lecturer stated that New JUejdand stood out pre-eininently awionu the 
('<»untries of the world in the <'are iiikeii for providing that eoitain natural omects 
and natural phenomena slmll remain tlu' heritage of the people tor ever. There 
wt'ie 414 seeuie rcsi'rves, 8<'verul vast areas known as national parks, and a number 
of islands known as sunetunvies. 
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Proceodimjh. 


By moans of lantoin-slidos Iho loctiuoi kept his audjotui* (‘losi‘l,\ liiioiestocl, 
showing iotaias, kauus, mosses, and forns, and explained the .iiialom\ (.1 fon‘s( 
leaves and the peciiliai vanation oi alpine plants, and tonmiented upon the adapt 
ability ol plants to then suiroundings. lie showed the elle< t ol w.indeiiiin dimes 
upon the suvroundiiig plant-life, and also how wind lan aftei't the natuie of fonst 
growth. 

On the motion of Dr. Beuhain, a lumrtx voU‘ of thanks w.is .iivoidod 
to the koturcr. 


Sixth 5^[ebtin« : itk October, 1910. 

Tho President, ProfesHor Waters, in tlu‘ eliair. 

There were twenty niemberH present. 

tw Member. — Mr. Roger Buddie. 

Exhibits. — Dr. Benhain exhibited, — 

(1.) A widow^s cap, made of seawml, worn by a Maori widow during 
her period of mourning, 

(2.) A widow’s cap from Atistralia. This was made of white elay, 
and was a very ponderous and uncomfortable article of lumd-wear. 

(3.) A money - girdle from Hanta Cruz. This was some 30 ft. or 
40 ft. in length, and its construction was most interesting, as it was 
formed on one side by inillious of real feathers carefully ami neatly 
inserted and interlaced with the fibrous nialorials of the Indt. 

(4.) A curious sleeping -coverlet from the Solomon Islands. Tliis 
was made from palm-leaves sewn in parallel lines. 

(5.) Some Australian weapons with flint heads. 

(6.) A fish-hook from Kew Guinea. This was similar in oevnst ruction 
and ornamentation to our New Zealand fish-hooks. 

(7.) Some very quaint and grotesque masks from N<iw (Huinea. 

(8.) A finely constructed basket from one of the South Si'u islands, 

Mr. George How’os showed, — 

(1.) Some fine Australian Lepidoptera, sov<‘ral of them clos<»l\ allied 
to our local species, also some highly coloured and very iH^autiftil s])ecies 
from South America. 

(2.) A number of complete specimens of the vegetabh* cfiteiqiillav, 
and also several pieces of caterpillars that ha<l been cut to jiiecos while 
digging. Since the exliibitor had got them, each ])icco Jmd thrown 
out its shoot or spore-bearing portion; and he asked for an exi)lanation 
ox this liitherto-uxirecorded fact. 

Br. Benham, in giving a short account of the life-history of Porina, 
stated tliat the fungus sends out fructifying shoots in the line of least 
resistance — in the living animal, generally just behind the head. 

Professor Marshall showed some alkaline rocks from Tahiti, and 
discussed the question of a great continental area in the Pacilw*. 
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Prolossoi \Viiloi> s1h>\v<m 1 stwno lint* s|u'(‘inH*ns ot‘ j*()l(l-oi'C, ainl de- 
liwivtl nil skololi of Hit* (*iirronoy of tlie world He 

showed IIk' followinti oxliihils: 

(1 ) Banki't tnt* from South \rru‘4U SOOfi. Icvtd, 

(ii ) ()n‘ from (In* i)\\ivn of Sheh^i Mine, South Africa. 

(;h) Sulphith* ort* irom Wnihi, 500 ti. level. 

(1.) 0\id<‘ tvrt* from Wnihi, liij»h<‘r levtd. 

(5 ) |{ts‘fton uold from the lnk<‘nnnii Mine. 

((>.) N<‘\\ elium ^old, or mica schist, from the Sludover Valley 

(7 ) Shoftivt'r Vnlle\ (junrlyi, witli i»old 

Pafnr^ Pi'or(‘ssor Park Initl on Hit* table Hie follt>\\inj» papers:— 

(L) ‘^'riu* (llacial Moraim'vS of \LirlhoroiiuIi and South Nolson,” by 
Professor Jamt's Park. 

(2.) “ Tin* ('onllicdds of \Yt‘si N<‘lson,” In J. ITeudersoiij D.Sc. ; com- 
muni<‘aU*d l)\ Professor Park. 

(.*!.) “A N(‘U Kossil Mnvtni from tin* Pliocene lh*ds at Mataroii and 
Turaiit»a-a rt're,” 1)\ IIt‘iir\ Suter ; communi(‘at<‘d by Ih'ofessor Park. 

(I.) “ \ New Possil Piunfilla from tin* Upjier (h*etaa‘ous Bods at 
Brighton and Kaitanuata,” b\ Ilenr\ Suter; eonmiuiiiented h\ Pru- 
fesHor Park. 

(5) “On tin* M\pansioii and (’ontra(‘tioii of Ohieier Tee dm* to 
Van inn Ti'nijieratures," b;v Professtu* ,ratin*s Park. 

((i.) “On lln‘ l)(‘Volopment of tin* band Pentiiri‘s {>{ West Nelson/^ 
b.N J ll<mdt‘rson, I) Se* ; eomnmnieat<‘d In Ib'ofessor Park. 
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L^iweedmgx. 


PHILOHOPHICAl. INSTITUTE OF OANTERBirPY. 


Fip'th : Snf Auffuat^ LOIO. 

PrcHent : Mr. ll. M. Lainp: (Pi‘OKi<Unit), in tli(‘ t*l\»ir, junl M‘V4‘nty 
otliers. 

New Mtmheri^. — Messrs. J. A. Bartmin and VV. Ij. Pavktn*. 

Address , — '‘The Geology of tlic Cook and StK‘io<y iHlands/’ by Dr. 
P. Marsliall. 

The lecturer gave a very lucid and intercBting doscTiption of the geology of 
the islands, based on observations made during a recent visit. He dealt spt'eially 
with the characteristics of the coral reefs surrounding the groups, and illustrated 
his remarks with a very fine series of lantern-slides, sonu* of which wei’e made from 
photographs taken by the lecturer himself during his visit. Some of theso 
taken from the mountains overlooking the reefs, and displayed in a striking and 
original way their position and extent, a feature which photographs taken ^ from 
near sea- level fail to illustrate. Br. Marshall rof(‘iTed to the various theories of 
the origin of reefs, and to the geological structure of the islands which they 
encirel(\ The Cook and Society Islands consist largely of alkaline volcanic rocks, 
and their occurrence here runs counter to a widely accepted theory which associates 
such rocks with coast-lines of the Atlantic type. 

At the conclusion a vcr\ boarty vote of tihiiiks was imcordod to Dr. 
Marshall for his address, and for the tinio and trouble be had sfient in 
coming: from Dunedin to deliver it. 


Sixth Mkktix*} : 7ih September, 1910, 

Prewnt : Mr. A. iM. Wrig:lit (Vice-President), in the chair, and Hfty 
others. 

yew Member. — Mr. R. 0. Ross. 

Letter from Sir Joseph Hooker, — A lettiu* was reet‘iv<Ml from Sir 
Joseph Hooker acknowledging tli<‘ reeoi])t of the two voIiiin(‘s of tli<‘ 
Subantarctic Islands of Now Zeobuul.’’ It was r<‘Kolved that the 
Council of the Institute bo instructed io preserve tlie letter in a lit ting 
manner, and deposit it among the papers of the Institute as one of the 
most valued documents in its possession. 

Addre^is . — “Modern Views of the Constitution of Matter/’ by Dr. 
H. G. Denham. 

The lecturer said that two of the most important problems that remain more 
or less unanswered are the constitution of matter and the nature of electricity. A 
vast amount of experimental research has, however, led many of the ablest 
physicists of the world to the view that these two problems are very closely inter- 
woven — in fact, that electricity and matter are really two manifestations of the 
same phenomenon. 

The lecturer then proceeded to describe the experimental evidence that has led 
physicists to this conclusion, illustrating his remarks by experiments and lantern- 
slides. After explaining the nature of the cathode rays, he proceeded to the more 
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icceut work of Thomson, Ijcuartl, Lorenz, and others, showing how these scientists 
have h<‘en able to establish tin* existemeo ol* ncgativoly eharged eleciirons in matter. 
The mass ol these electrons has beem round to have an exec'eilingly sinal] value, 
being in fact only one-thousandth part of the hydrog(*n atom, which vV had hitboi’to 
supposed to bo the smallesl })art of inalter capable of sepinaie existence. JMoreovei, 
research lias led to the intc‘it‘sLng cIiscovei.> ihat this mass is not mechanical, but 
electric in origin, and is ie,ill.v due to the rapid motion of a charge of elect ricit.^ . 
IMiomson has thus beiui l<‘d to put forward the tentative view that all matter is 
eleetrie in origin, tin* atoms ol all elements eontaining these negatively ehaiged 
eleet rolls in lapid rotation Inside a positivelv (duirged sph(‘re. These electrons are 
differently arnmged in tin* atoms <jf the difteremt elements, but the aiTangernent is 
always the smru* in ibc‘ atoms of the same element. On this su])position it is 
possible* to give a teal nu'.ining to tin* p<‘i iodic table of the chemist; for a periodic 
aiiangement of llu* eK‘ctrons would m‘eessai ily lead to a ])erio(he leoiirronce of 
niany eliemieal and physical properties. 

in (‘on<‘lusion, the k‘<‘turer ipiotc’d from the preshlential addiess of Professoj 
Sir fl. »I. 'riiomson to the llritisli Association last .y(*ar, \vhevi‘in he expiessed the 
opinion that the <‘xpei iment al work of the* last llecade had given new life to 
physics, hut that many a difficult must yet he scaled hefoiv an outlook over 

the* whole const it lit ion of matter and of the imiveisi* can be hoped for. 

.\t tlic' cniK'lusion ii h<*arty \c)t<‘ of thanks was accsorikul to Dr. 
Dcnliani for liis addnsss. 


SKMJN'rii Mkiotimj : Odohir, lOJO 

Pr<‘S<‘n( : Mr. U. M. Laiiig (Prcsidoiit), in tho (*iuiir, and fifty-ttve 
oth<‘Vs. 

Xiio J/cni/a/'s. Mr, A. Pamiott and Dr. V, Morton Andorsoii. 

Lcttir jrom lh\ IT, S. /inivt \ U*ltt*r was j'm*ive<l from Dr. W, S. 
Drucc acknowl<‘dg;in^ the* r<‘<*oipt of a cojiy of the Subantarctic fslaiids 
of Now Zoaland/’ and oong:rainlatini»: tbo Institute on its ])r<)< I notion. 

Uovh'vn Meinoriit! Fund,- Tlio Pivsidc*iit drow’ tlu^ attiaition of in<*ui- 
hors of tbo Jnstituti‘ to tho Ilockcai xMoniorial Fund. * 

l^apers, — J. ‘‘Note* on (ho Flora of Mount Kpfinont : a (\>rr(*dion,'’ 
by l)i . Ij. (kiokayno (sen* ]». 10), 

2, “Additions (o tin* Fisli Fauna of Nc‘w Zcmland : Ihirt II, by 
Kd^^ar Waite* fsc‘c* p. U)), 

.‘L “ A Proliininary I*hytoj 4 ;oogjrapliioal Skoloh of tho Vof^otation of 
tlie Mount Arrowsuiitli District,” liy Dr. L. (k)<*kayiu* and It. M. Laing. 

Tlu* paper deals in the tii‘st pla<*e with the* rc‘j)opulabing of the glaciated areas 
after the retivat of the* iee, using as data the presemt happenings on river-bed at 
the tcM'ininal faei's of glaciers, on chbr/x, and so on. 

The various soils arc* (liseussed, especially the wind-blown lock-flour, the 
“loess'* of tho authors. 'Hie climate of the distviet is classified as steppe and 
forest c‘limate, unci the limits of thc'se are defmc*d. 

Wind is cjitc'd as an ec*ological_ faetor of paramount importance. 

Tho mcehanical and physiological offocts of snow arc nriofly discussed, also its 
relation to the installation of steppe or ftdlfiehl psyc’hrophytcs. Slioi*t periods of 
droi^ht are consid(‘red to strongly favour xeroinorphy. 

The body of tho paper d(*als with the plant -associations, and the growth-foims 
of th<‘ir members. The vegetation is treated of from the dynamical standpoint, 
and the associations fall into two categories — ^namely, the steppe series and rock- 
fellfield series, or, in tlie forest climate, the rock-forest series. It is further shown 
how tho same climax association may arise from different beginnings. 

The paper concludes with a list of species n(>ti*(l in the district, arranged 
according to the sysii*m of Kngler, and a short hihliography. 
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4. Tlu‘ ]*osl -glacial (4inia(o of ('autcrlniry/’ l)y K. S]K*igUl. 

In this paper the aiilhor advance's loiihilivcly an hypollicsis that duiing the 
great extension of the glaciers in IMeiaiocem* times th(‘ climate was in all pro- 
bability steppe-like in characlev over the easteni slopes of the Southern Alps, and 
that at a aubsi'qncnt time it became mn<*h moister than at prc'sent, this moist 
climate being sncieeded by tin* present modined steppe conditions. This hyno 
Ihi'sis is based partly on gi'ologieal and partly on biological coiisuh'rat ions. The 
tollow'ing facts are cited in this connection : Kxlensive foresis onci* (‘xisted ovei 
areas which an* now tieeless and dry; peat bogs ap^X'ar to be shrinking; the land 
MolfuAca are also of a wet-<!imate type, and not sailed to Iheir present surround 
tngs. It IS admitted that the e\i’(lenee pul forwMrd is suggestive rather than 
convincing, but the author hopes that the papei may serve to draw' attention to a 
question w'hich has attraeled eonaideiMhle atteiitum in other parts of the w'orld, 
and that some w'ork may In* done here to eorrelale distant changes with tlioso that 
oeeurred heio — if, indeed, these ihanges took place. 


Ekihtii Mkktini. : fOfh Oriobtr, 19 UK 

Presi'iit : Mr. H. M. Laiiig (ProsiikMit), in the chair, and tw<.*iiiy-hv<‘ 
otlierH. 

Animah Proievtion Acl. — A letter was iweivod from (^)louel R. 
Heaton Rhodes, M.P., /r the ])ro|)osod alterations in the Animals (Pro- 
tection Act, and also a copy of tlie Act iiiti’odueed into Pnrliam(‘nt bv 
Sir W. J. Steward, M.P. 

Tlio following: resolution was carried : “ That tiiis molding: of the 
Institute most heartily approves of the Rill iut reduced into Parlianu'ut 
by Sir W. J. Steward to provide for the protection of birds indigenous 
to the Doniinioii, and hopes that it may bo accepted by tlie House during 
the present session of Pavliamciit.’* 

Dr. ^loorliouse expressed, on belmlf of the Canterbury Acclimatization 
Society, its hearty support of the measure. 


Fa pern. — 1 . 
Oliver. 


** The Geology of the Kcrmadec Islands '' 
Abstji.mt. 


by W. R. R. 


The physical features and geological structure of the islands comprising the. 
Km’madiic (Iroup are di'scrihed, and an uttompt is made to m*ord the order in 
whi(*h the* various volcanic materials wer<» laid dowm. 

The islands arc built up almost entirely of volcanic matter, hut fragments of 
hornblende granite are included in the puniico tuffs forming the most recent crah'r 
in Sunday Island, whilst some of the older tuffs, which are submarine, contain 
fossil corals and molluscan shells. According to the author^s c.baorvations, the first 
eruptions were submarine, but shallow- water conditions obtained. The structure 
of Sunday Island shows it to be built up in comparatively recent times on a sub- 
merged base, and that it never oxi*eeded its present dimensions more than can be 
accounted for by marine denudation. It is contended that there is no evidence to 
prove that any land actually existed above sea-level iu the vicinity of the Ker- 
madecs when the firs! volcanic eruptions which resulted in the present islands took 
place. 

The biological evidence which, with apparent exceptions, seems to su^ort the 
supposition of an oceanic origin for the iCeimadecs is oriefly reviewed. The pre- 
sence of the Pacific rat (.Vws fawfans), the candlenut-trce {AlmHUa molucvam)i 
and the Polynesian ti {Cordyline terminaliit) is perhaps suggestive of a continental 
^naection ; but the author nas elsewhere given reasons for supposing these to be 
introduced by Natives, of whose occupation on Sunday Island there is ample 
evidence. 
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2. “ ()u M)nK‘ Kiii-tlior K\|K‘ri]iK‘iith on tlio Effwt of Artesian Waters 
on the llfltehint* <>1* Trout, ” hy V. (\>lori<ljLj:o b\nrr, D.So., and D. ii. 
Mucl<'o<l, M.A. 

Till* cxpornnonls Jind ohsci vat ions irroulrd m ihis paper an* a rontinuation 
Ihis .\i‘ai‘ <»l tlioHi* <*aiii(‘<l out in llu* winler oT lOOi) liy Karr ami Klorance. Kui*ther 
avideiK'i* IS addia'i'd liial lioth Uu* nioilald^ anioin*st tin* nnlintrhed e^(>R and thr 
disoasi* known as “ liha* swollinn" an* duo to want of aoraium, and diminish 
as the wat(*r l>i‘(‘oinos nioiv normal in its qas-ionlonl. An ondeavour is mado to 
ilocido tin* fiintimdai oonslituonl in o.\coss oi dofoot in tlio water to \vhii*h the* 
trouhlob UK* <lu(‘. 'riio ovidemo points to llioir boinj; oiiher owini; to the little 
oxyt^enalion of the wal(‘i'. or to then* ln‘ini; too imieh radi urn-emanation in it. 
Kxeess of nitroi'i‘n exists in the water, as with last year’s lesiilt, and the possi- 
bility of (‘ithei the moIlalil,^ ot the e<»ns or “blue swellinj*” hein^ due to this is 
discussed and shown to he small. The thanks of tin* authors are cordially tendered 
to the Ooum'il of the A<‘cHniati/atiion Society, and to Mr. (diaries Itidos, the 
direetor of the rish-Iiatehei y. 

;j. ‘‘On tin* lMi\ siidooicnl HihH‘is of nadiuin-t*inunatiou,” by W, H. 
Syinoa, M.D. 

The authoi ;^a\e a i;eiii*ral amnmt of the properties of radium, paying special 
attention to those r(*latini' to its enorinons energy. lie then siiiiiinarizea the l^owit 
effects of tin <‘manation on diflereiit diseases and pathologii'al conditions, the ques- 
tion of its effi'et on cas<*s of ean<‘er and ujoitre receiving the attention that the 
prevalent* of thosi* forms of disi'ase deiniinds. At the r'oncliision a vei^ hearty 
vote of thanks was ae<*or<led to Dr. Synies foi his interesting and informing 
address. 


*i Pim*., pt. it, 
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Proceeding x. 


HAWKE’S BAY PHILOSOPHICAL INSTITUTE. 


Tnimi MwKTiNd: elfh Aiujusf, 1910. 

The President, Dv. Ilouley, iu Ihe eh air. 

Xew Member. — Mr. Cecil Conifonl. 

Paper . — “The PhiloRophy of the Siiperniati/’ by W. Dinwiddie. 

This was m outline of Nietzsche’s philosophy, and was illustviilod by oxtiacts 
from several of his works. A short discussion fldhwed. 


Fouhtii Mbetiis(} : Attpui^t, 1910 . 

Mr. W. K(M*r in the chair. 

Paper . — “Manual Training: ita Dev<‘lo])inont in N(‘W Z<‘nhind, and 
its Effect on the Child, by W Fossey. 

The paper showed the aims and methods of manual training, and dealt at 
length with woodwork and cookery. Many interesting specimens "of pupils’ work 
were shown, particularly in brushwork. 


Fifth Mkftino : 7th Oefohei\ 1910. 


Present: Dr. Hiniley, President, and lifty-one others. 

Paper . — “The Geology of Seinde Island, with s]K*cial Refcrouce to 
the Composition and Origin of certain Lav<TR in tlic Napier Hills,” bv 
W. Kerr, M.A. 


The vpious materials entering into the composition of the Napier rocks wore’ 
described in connection with the succession of strata observed. Special attention 
was called to the variety of clays found in close apposition with the limestone 
both upper and lower. 

V flf^a|tion and depression of the island as a whole, together with the chief 
reuef features, wore discussed, and suggestions made as to the origin ui the sands 
and clays. 

The suocMsion of layevB foming the highest strata was described at length : 
U was pointy out that these layers follow the present contours of the surface 
and consist larwly of materials of volcanic origin. Their composition and pro- 
bable mode of deposition were described, ^ ^ 

the single so abundant on the shores of the island and inter- 
bedded it or its neighhonrhood was discussed in connection with the evidences 

Napfe?ro*s’’ «««■ oi the 

The various features were illustrated by a number of specially prepared slides. 
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PAPKKS AND ABSTRACTS. 


1. Note on the Flora of Mount Egmont : a Correction. By L. 
(N)<*k«yn<*, Pli.l)., K.Ij.S. (H(‘a<l tlu* PliiloHophioal Insti- 

luto of (’aniorbury, otli ()4*t(tlK*r, ID 10.) 

In my loport on ih<‘ liotaiiy ot I ho 'rongMi’iio iNalional Park, page 32, 1 have 
muclvertonlly slated tlnil the flora of Mount Egmont is “ riehei* ’ than that of 
Tongariro-liuapohu, though tho stuleinont is diseoiinted by the redundant words 
“and contains e(‘rlain species absent on the \oleinii(‘ mountains of the centre,’* 
which, of (‘ourse, it would of ne(*essit\ do if “ richer.” 

In point of fact, the flora of Mount Egmont is pojirm than that of the central 
volcanoes, so far as is known, my notes taken in January, 1901), together with the 
spocios given in Oheeseinan's “.Manual” and t‘ls(‘where, allowing a total of only 
ninety-seven spt‘cies of speimophytes and pteiidopliytes for the snbalpine anci 
alpino belts, as against more than 2(5, 'i for the subalpmi^ and alpine \oJeanic plateau. 

On the other hand, the slopes of Mount Egmont abovt‘ the foiest-line possess 
.1 distinctly richer vegetation, and it was cNidimtly vegetation, and not flora, to 
which the word “richer” was meant to apply. Tlierefore, to r(‘ad correctly, the 
word “vegetation” should he substituted foi the word “it” after the* word 
“but ” on page 32, line .*53. 


2, Additions to the Fish Fauna of New Zealand : No. II. By Kdgur K. 
Wnite, K.Ti.S,, (birator, (’anleidmry Mnsemii. (Road before the 
PhiloK<)]»bi(‘al Iiistitub* of (^niiorbury, *")tli Oelobor, 1910.) 

'rhe wiiole of the tishes collected by me during Ihe cruise of the “ Noia 
Niven,” 1007, having now been examined, the following are believed to be new to 
science or to the known fauna of New Zealand, as indicated. 

Tho first pari of the report w’as published in fhe “B(‘coi*ds of the (.Canterbury 
Museum,” vol. i, 1009, p. 131 et m/,, and a first (‘pilome of .s«bse(juenl additions 
appeared on pp. 20 and 20 of the present publication. 

ftexea gen. uov. 

Eaniily TrirhUaiiUtp, Body imxlerately eloiigiile, Insifonu. Moulli large, 
witli a single row of daggm’-like fe«‘th in each jaw, three enoriimiis fangs towards 
th<» front of tin* upper jaw', ami two smaller ones in Ihe lower jaw; teeth on 
tho palatines, nom* on the tongue. Two eontignons dorsal fins ; two finlets above 
and below; jicetorals small and low; venirals small, each with four spines; 
caudal forked ; peduncle without keel. Si^ales small ami smooth. Ijateral line 
single anteriorly, but dlviiles, and forms an upner and lower branch. 

This gimus is near to f^romrthir/ffhi/A (till, (lifTering primdpally in the elmracter 
of the ventral lins and in the configuration of the lateral line. It includes the 
type below diagnosed, phtnu Bleekm*, 7’. mirropuff McCoy, and 

possibly T. hfUf/ulnhsin Aleoek. 

Tifxea furvlfvra sp. uov. 

B., vii ; O., xviii, ii, 15, ii ; A., ii, H, ii ; V., iv ; P., 14 ; 0., 18 8, 

bength of head, 3*2 ; height of body, 1*1 ; and length of caudal, 6*9 in the 
length. Diannder of eyi* 1*8, inlororbital space -I*!); and length of snout, 2*4 in 
the head. 

The lengtli of the maxillary is half that of the head, and it extends to the 
anterior of the orbit; it bears twenty acute, flattened, distantly sot teeth; the 
vomer has three large dagger- like t.e*‘th ; the palatine teeth ar<* similar to the 
maxillary ones, hut smaller. The low'm* jaw markedly projects, and its extremity 
complotos the anterior conl.onr of the head ; two Isrgt' tooth at tho symphysis 
remain without tlie upper jtuv when the mouth is elosod. 
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The first dorsal fin arises within the vertical of the open‘ulju margin, and the 
middle spines are longest; the fins are subcontiniioiis. 

Scahs: Cheeks, opercles. and body scaly, the scales small ; tin* lateral liiu* 
passes almost straight from above the opei<‘le, near lo Ihe doisal <‘dgc, to hcneatli 
the niiddJo of the soft dorsal. Beneath the base of the v \i dorsal spines it semds 
off a downward branch which descends suddenly to tin* mid-line of the body, 
thence straight lo beneath the origin of the soft dorsal, and t<'rminales in advanee 
of the middle caudal rays. 

(Utfoui’A: Iridescent bine above, silvery beneath; a <leep black blobdi on tin* 
d()r.sal between the i iii spines, the fin narrowly edi>e<l with black; soft dorsal, 
anal, and eaudal orange. 

fjength, to 71 1 mm. 

This species has been enteied in the New Zi'aland lisis is /'nntu f/m /if/t f/s 
ptomelh^u^. 

Ammohoth nufiiiiinni't sp. nov. 

B., vii ; 1)., Sa ; A., (50; V.. dex. 7. sin. 1; P., dex. 11,. sin. 12; (’., 11 ] I; 
scales, h2. 

Hostral flap very long, extending downw'iirds below ihe level of (he maxilla, 
mouth large, a broad band of teeth in each jaw* on the blind or left side only. 
Eyes on the same level; intevorbital apace etjiial to the longitudinal diam<*t«‘r of 
the eye. 

I’he dorsal rays commenee at the tip of the rostral flap, the first five or six 
are free; the dorsal and anal are eoterminal, close to the outer caudal rays; the 
right ventral is very long and connected with ihe anal, last ray of lefT ventral 
opposite to the vent. 

Scales: Strongly ctenoid on the right, smooth on the left aide. No scales on 
the fin i*ays, the caudal excepted. 

Colours: Warm brown above, reddish towards ihe margins, irregularly blotched 
with dark blown; undor-sicle colourless or more oi h‘Rs blotched. 

Length, 482 mm. 

This species differs from .1. with which it appears to have been con- 

founded, by the scaleless dorsal and anal fins, the smooth elmraeler of the scales 
on the left side, and the wider interorbital space. 

Pelotretis gen, nov. 

Family Pleuronectidae, Eyes on ihe right side, the lower a(lvan(*ed. Mouth 
small, suDsymmetrical ; teeth on the blind side only, no vomerine or palatine 
teeth. The dorsal commences behind the snout, and is not eoimei'led with the 
caudal. Two ventrals, the right one in the same line and continuous with the 
anal. Scales moderate, ctenoid on the right side ; lateral line nearly straight. 
Gill-openings narrow, the membranes broadly united beneath the throat; gill- 
rakers short and conical. 

This genus differs hxnn Am mot ret is by the small suhsymmetrh'al mouth, the 
large eyes, the upper of which is close to the profile, the fiaekw'ard origin of tlie 
dorsal nn, and the absence of any rostral prolongation. 

PelotretU flarilatuH sp. nov. 

B., vii; D., 89; A., 71 ; V., dex. 7, sin. ; P., dex. 12, sin. 11 ; f\, Ifi j 4; 
scales, 78 . 

Length of head, 4*8; height of body. 1*8; length of eaudal, fi'O in the length; 
diameter of eye, 3*9 in the the head. 

The eyes are large, ci*owded to the front of the head, and the upper one is 
close to the dorsal edge, which is incised so that the eye can hi* seen from the 
under-side; low*er eye slightly advanced, separated from the maxilla by a nari’ow 
ridge only. 

The dorsal fin begins al>ove the front edge of the eye, and none of the rays is 
entirely free ; the longest are 2*2 in the head. 

Scales: Imbricate, ctenoid on the right side, smooth but striated on the left. 
Head, body, and fin-rays (ventrals and anterior rays of the dorsal and anal 
excepted) covered with scales. 

Colours: Grey or brown above; both body and fins with irregular though well- 
defined markings, sometimes absent ; under-side yellow. 

Length, 311 mm. 

This is the common lemon sole” of the colonists, and does not appear to 
have been previously diagnosed, the name having been erroneously associated with 
Ammotretis rostratus. 
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fhiathognuH innofahilh Wniio. 

'Phroe spociuu'ns weio originally taken off the coasi of Now South Wales, and 
those now recorded constitute a record for New Zealand, the genus not being 
previously known from our vvaters. 

Several examples were obtained in the Bay of Plenty, at depths from 25 to 
<)1 fathoms. The hugest sneeimen previously known was 152 mm. in length, but 
specimens trawled in New Zealand show that it attains inueh gr(‘atei dimensions, 
up to at least hOOiimi 

Kaf/teto.>toina (jUjantvuin llaast 

'rh<‘ hpe(‘ies of Katheioi^ltHna hitherto regartled as A'. A/e re is distinct from the 
Australian species, /liffering in lelative proportions and in colour-markings. The 
name K, tjUjanf(>nin is to be used for the New Zealand form. 


3. The Alkaloids of the Pukatea, By B. 0. Aston. (Jourii. Ohein. 
Soc., u*vii, pp. I. *181-87. July, 1910.) 

In addition to the author’s iirevionsly published work (.see Proc. N.Z. Inst., 
19()t), pt. ii, p. 5(1), th<» methods of pn»paration, <leHoripiion, and analyses of the, 
salts of the alkaloid Liaurolinn (j| «Hai03N,5;the Hul])hat<> (Pi ottaj03N)2H28047H3(), 
the hydroeldorido jjHajOsN HOI, and the nitrat(^ HNO3, are given. 

1’ho provisional formula Oi^jHjfjOaN is su^ested for a third alkaloid, neither the 
liase nor t.h<‘ saltw of which oould In* obtained in a crystalline Htat.e. Pukateine, 
(\7H17O3N, is shown to |K)sst)H.s fe<d)ly aoid pro]K'“rtMW in the jirescnce of a strong Iwiae, 
forming salts with the alkali nu'tals of the formula Oj^HjrtMOaN (M— Kor Ne) 

and to have an optieal aetivit.v oi a /> 22(P. « a 


4. Pflanzengeographie, By L, Duds. Pp. lC.‘i, with I inaj). Ijoipzig ; 
(I. J, OotKoheu^Hcho Vorlagshandlung, 1 908. 

This book is of inl(*rebt to New Zealand botanists not only because it states 
clearly and briefly the fundamental pidnciplos of phytogeography, btit because 
Iheiv are some Impoi’tani remarks regarding the New Zealund flora. 

The subject-matter is treated under four heads — namely, floristic plant- 
geography, ecological plant -geography, genetic plant-geography, a synopsis of the 
Moral regions of the earth. 

Th(‘ term “ plant formation ” is used in its broadest sense, and the follow- 
ing ar<* given as types of vegetation ai>plicuble to the whole earth : (a) Sea 
vegetation (thalhwsium) ; (A) fresh-watov vegetation (limniuni); (c) mangrove 

(hnlodrymium) ; {<i) rain-forest (hygrodryinimn) ; (c) monso'ni- forest (tropodi’y 
miiim) j (!) summer fon^st (thurodrymium) ; (f/) eouif crons forest (conodryinium) ; 
(/<) dry forest ( xerod 1711111011 ) ; (/) heath (niesot liainnium) ; (/•) savannah (meso- 
poium) ; (/) steppe (xeropoium) ; (m) meadow (hygropoiuin) ; (/j) meadow-nioor 
(low-moor, hygrophorbium) ; (0) moss-inoor (high-moor, nygrosphagnium) ; mat- 
vogotation- ** matte” (itiesophorbium) (This is the “mat-grassland” and “mat- 
herbage” of Warming, aiul is i»o})rc8ontod in New Zealand by the closed asso- 
ciation of hcrba<'cous and suffrutuwso plants on the wotU'i- mountains]; (q) dry 
pasture, “trifi” (xiu-ophorbiuin), defined by the author as a formation of peren- 
nial herbs oc<'urrnig in a climate with a low rainfall, or on dry ground, the eastern 
slopes of the Southern Alps of New Zealand being cited as a nolowoHhy ex- 
ample, where on t.he sf^my gr<Mind of the cast an open xeromoiphic pasture 
(“ trift ”) offers a great contrast to the <*losed mat-herbage (“ matte ”) or the western 
slopes. 

Part iv, dealing witli the divibioiis of tlu‘ plant \Norld, is based on the 
opinion that in estimating phytogtH)graphi<’al areas the facts of floristii*, genetic, 
and ecological plant-geography must all be tonsidered, though the two first- 
named branches must supply the details first to be <‘ousidered. 

The following is th<^ classification pwposed : (1.) The Palaeotrwic Floral 
Kingdom (Palaeotropis). This comprises the tropical lands of the Old World 
and their descendants in the plant-geographical sense. It is subdivided into 

3— proc., ptjt B. 
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{a) the Malesian Province (Maleaicuni), (b) the Indo-Afiican Province (Indo- 
Africanum). (2.) The Cape of (*ood Hope Province (Capenais). (!5.) The 
Holoarctic Province (Holarctis). This cornpriscs ihe frii<i<l and Iciiiperatc zones 
of the Northern Hemisphere. 11 ia subdivided into (<t) the Kast-Asian Province 
(Oiiasiaticum) ,* (h) the Central Asian Province (CVnlralasiaticiim) ; (/•) th(‘ Medi 
terranoan Province (Mediterraneum) ; (rf) the Eurasian Proviiuc ( Eurasialicum), 
which extends from Iceland to Kamtchatka ; (c) the Norlli American Provin(‘<‘ 

( Septa mericanuin). (4.) The Neotropioad Eloval Kingdom (Ncolropis). 'I'liis in 
eludes Central and South America, excojiting that porlion ol th(* latlm belonjjfing 
to the next floral kingdom, (fi.) The Antarctic Floral Kingdom (Anlarctis). This 
comprises Fuegia, southern Patagonia, south- west Chile, Ihe Snbanlaretic Islands, 
including those of New Zealand and Antarctica. (0.) The Australian Floral 
Kingdom. 

The Malesian Province and the Antarctic Kingdom specially concern Ne\\ 
Zealand. The former extends from Ceylon on the west through th(‘ Malay Archi- 
pelago, and puts out three arms eastwards and southwards. 1’he middle ai‘m is 
the richest. It includes Melanesia from the Boloinon Islands by way of the Ne\\ 
Hebrides and New Caledonia to New’ Zealand. The eastern arm includes Micro- 
nesia and Polynesia. The westom arm crosses to Australia, and extends along 
the east coast in a narrow band southwards, so that a trace reaches ’’I^ismaniii. 

New Zealand appears both geographically and biologically to bi* the remains 
of an area almost continental in extent, which may havt‘ extended to Norfolk 
and Lord Howe Islands. But the ground w'ork of the flora may b(* considered 
Malesian, though the formations, through the great variation of surlace, &c., of 
the islands, are of many kinds, and bear a distinct stamp owing to the exti'cme 
abundance of (^onifprae] ferns, and certain other groups W'hiidi do not leipiin* a 
hot climate. The north and the very moist south-west coast art* o(‘cupit‘(l by 
laiu-foiest, but the east by heath, grassland, and dry open pasture (“Irift* 
land”). The high mountains of the south offer n sharp distinction btdween the 
vegetation of their windward and lee slopes. 

Besides the Malesian floral element, one altogetlu‘r diffei’tmt apptMirs the 
further south one goes, or the higher one ascends. It occurs also. in Tasmania 
and on the higher land of east Australia, shows a strong aflinity to the extreme 
south of South Ameiica, and for a long time has been known as Antarctic. 
This element dominates the alpine floras of New Zealand and Tasmania, but 
in the lowlands the part it plays is too trifling to make desirable the separation 
of New Zealand from Palaeotropis, 

The author regards the Auckland and Campbell Islands as the last remnant 
of a mountain-axis which extended to New Zealand proper. As for the Antarctic 
flora in general, it is considered a remnant of one much more extensive which 
formerly occupied the Antarctic lands, and whose traces still remain in the fossils 
of Seymour Island and the remains of trees on Kerguelenland. L.t’’, 


5. On the Fossil Osmundaceae. By R. Kidston and D. Hwyimc 
Vaughan. (Trans. Rov. Hoc. Kdinb., voL ^5, pp. THD-TO ; Vol. 4(), 
pp. 21.V32 and 651-67; vol. 47, pp. 455-76, pi. 22. M)()7-10.) 

This most important memoir gives detailed descu’iptions, illustrated by admir- 
able microphotographs, of a number of stems of fossil ferns referred by the authors 
to the Oamttndaccae, 

Two of the specimens described were discovered in certain .Jurassic rocks 
near Gore, Southland, the one by Mr. R. Dunlop, formerly of Orepuki, and tlie 
other by Mr. R. Gibb. Both plants are described as new’ species, under the 
names of Osmundites Dunlo^ji and O. Olhhwnu respectively. 

The two specimens agree in all essential characters with the stems of the 
modern Omvtidacpac. 

An examination of the distribution of the various sclerotic strands that occur 
at the base of the fully developed petiole of a number of living species of 
Osmvndacmp showed that it was characteristic of, and practically constant in. 
each species examined, but it varies sufficiently to be suitable for a mark of com- 
parison. Judged from this standpoint, the leaf -base of OmundUes Dunlopi 
comes very near that of Todca harhara of the present New Zealand flora ; while 
that of <?. C}ibhianat although in some respei'ts unique, approaches nearest to 0, 
regal U and 0. javanica^ 
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I hr most important cluii actor Lhal hlumb any comideiablc vaualion in the 
living spc<‘irs (apart from (hmmula nntwmomea) is tho extent of the interruption 
in tho continuity oi tlu‘ xyh'in ring causod by tho departure of the leaf-traces 
Omunda n{/nhA reproscnls one extioiuc, whore the xylein ring is broken up into 
many distinct strands hoe trom on<‘ anolhor, while the other extronio is shown 
by Todca barbara and T. Au/ivrba, in which tho strands are fused with each other 
and with the xylimi of the li‘af-lrace, so forming continuous bands. As regards 
the two tohsil species, (>'^mundife<^ nuidopl, with its continuous xylem ring 
points in the direction of Todva harbara, while 0, Oibbiana points in the direc- 
tion of O. yuja/iA, and the nulliors consider that amongst the living OHtnmdaceae, 
“so far as our data permit us to judge," T, harbaw shows most resemblance to 
i). Dunlop}, and O. rt<jidh to O. (Dbblana. But until the sporophylls are known 
the spi‘<*i(*,s an‘ to )>c k<‘pt in the fossil genus OA/nundifr>i, 

An unmimed OsmundilvA in the Ih-itish Museum collection, said to have come 
from New ZcalamI, was <‘xamined, aiul was lound identi<‘al with 0. Diinfopi. 

Besides tho two species mentioned abov(\ all tho recorded Fossils of an osmund- 
aceous cliarnclei are dealt with excepting one. A table is given showing the 
chronological order <)f the s|)<‘<‘ioK, and a synopsis of their nioie important ana 
loimcal feataiies. 'I’bis latt<‘r shows that the meilullation of the stele and the 
subseijueut breaking up of tho xylem ung takes placo pari jh/asu with the aclvancu 
from the ohier In llu' youngiM- strata. The agi' ot lh(‘ fossils js as follows ; 
Upper Ibu-iman, 0; .Imassie, 2; l)pp<M .lurassic, I; bow(*r (‘retaeeoiis, 1; Ijower 
Ko<‘(‘iu», 1 ; (iower IMuieene or Upper Mioeene, 1. 

Dealing witli the aneestiy <)f the Dsnnindart'or, the anthois consider them, as 
a whole, as “an asciuiditig aeries of forms w'hosc vascular system is f.o be derived 
from a priinilivi' j>ioiostt‘le with a solid homogeneous xyrlem," by the inedulla- 
tion of whi<‘h and tin* subscipioni brimking-np of the peripheral xylein ring thus 
formed into s(*panit(‘ straiids the typical osmunaaceous stole has been derived. 

By a consideration of the metliods through which the niedullation of the 
stele has <‘ome about, tlie autbois find the existeiu^e of an inierniediate stage in 
which the [)ith consists of tracheae mixed with parenohyma, and it becomes 
inevitable that the mixed pith of the Zpyopteridvae is of the same nature and 
origin as that of the (htnandaevae, especially as the authors believe the two 
families have di'seended fixnn a common ancestor. Further, tho authors postulate 
the di8<‘overy of a primitive zygoptevid stoic with a solid xylom mass, tho central 
tiacheae of which are short, and transitional toward a pith, as in two of tho 
oHimindaeeouh genera dealt with. 

This prophecy was conlhnied by the discovery of a stoic exactly as antici- 
pated by W. 1’. t'lordon, a ligure of which is given. 

The monograph concludes with an attempt to explain the derivation of tho 
specialized leaf-trace of the /j\f<joptvrUhae from the simple primitive form of the 
OAmundavvav. !-«• 0 . 


6. The Morphology of the Podocarpineae. Jiy Mary S. Young. 
{liotanird! (Dt vtt(\ vol. 50, pp. HI-lOl), pis. 4~G. August, lOlO.) 

Uoforo the year 1 002 v('ry little was known legarding the morphology of 
the Dodovarpintmutv,, but siiux' that date a. number of investigators, using in large 
part material from Ni*w Z(‘aland, have found out a good deal about tho group, 
the only gtmus y<d. untouch<‘d being Phtro,sphavra, with its two species. Of spocial 
interest is ihi‘ (luestion of relationships of tlio f*odoratpinpfre, particularly with 

regard to tho Araumrincae. , .t 

Tho paper (leals first with ilu‘ gamotophytes of f*hylloHaduA, the authoress 
having examined a eonsidi'rable amount ol material of Phyllocladua aVpltiUA^ 
which had been iK)lle<*ted by the reviewer at fairly regular intervals from the 
IHth October to the 2«th .January, A full account is given of the male and female 
gamotophytes, and of the process of fertilization, and there is something as to 
the development of the t*mbryo. Tho conclusion come to by the authoress regard- 
ing tho affinities of PhylhHadtm is that H is a relatively primitive member of the 
Podonarpineae, which branched off from them a comparatively short time after 
their separation from tho Taxhipae. This conclusion is based on the following : 
(1) PhmlocladuA lias primitive charaiitors of the Faxineac which ai’e being elimi- 
nated in tho Podopvrpinmv i (2) it has primitive characters of the Podocarpmrac, 
which have boon entirely eliminated in the Taxi^ue; (3) it has some advanceed 
iharactors of PodotMirpinam; (4) tho taxad resemblances are more superficial and 
variable, and the podocarp features more fundaniontol. 
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The reiitaindor oi the paper deals wiih tho rolationslup between the f^odo- 
carpineae and the Araucanneac. The authoress brings togolilu'r the available 
Tacts from tho difterent publications bearing on the subject. She comes to the 
conclusion that the Podocar pinvav and Araucarumm are very primitive*, and that 
they are probably related j but the <iuestion is by no means seltl<*d. There are 
various gaps in our knowledge, especially regarding the Anuivaiinvav, the female 
gainetophyto of which is little known, while of the embryo we know virtually 
nothing. In the Podocarpineacy too, adequate knowledge is wanted ot the female 
gamotophyte, embryo, and the development of ovulate stni<‘tiir<*s. Wanting the 
above knowledge, “wo should bo hardly justified in coming to a delmite (ii<‘JSion in 
icgard to relationships, and at present it seems best to hold Tajruivat ^ Podovtn 
pitipaCy and Arnuctinmav apart as separate tribes, leaving open tlu* <|U(‘stion ol 
larger grouping amongst conifers.” b, C. 


7. Trees and Shrubs of New Zealand, iiy jj. S. (iibbs. ^I'lic (j'ar 
dent Pm (Jhrontdty vol. IT, p]). Dt, 08, 118, UJl . Fobniury, 11)10.) 

An account of New Zealand trees and sbiubs with leganl to their \alue as 
plants for cultivation in English gardens, for which purpose the authoj-ess r<*<*om 
mends a number highly. The statement is made, “ that beyond (Jordylinv 
and tree-ferns it is rare to see a native shrub or tree in a New Zealand garden.” 
With the exception of Pittospornm Kirkii^ the other species ol the genus are de- 
scribed as “uninteresting.” L. 0. 


8. Pratia angulata Hook, f., and Lobelia linnaeoides Petrie, liy J. 

B[ayloyJ B|_alfourJ. (TJie (JardtnePm Chronick, vol. -17, p. 08. 

February, iOlO.) 

Both the above plants aie hardy in the Edinbiu‘gh Botanic Garden. Pratia 
aiigidatai although growing in damp situations in New Zealand, and noted by 
Cockayne as a bog-plant in Stewart Island, when grown in dry sandy soil in the 
full sun in Edinburgh forms a close carpet on the soil, and every leaf -axil sends 
up a short-stemmed flower, making during the summer a perfect sheet ol white 
blossom. If the plant be grown in the shade, or where the soil is heavier and 
moister, the stems arch from the soil, forming more or less of a cushion, grow 
freely, and the flowers, which are produced in fair abundance, are contjcaled 
amongst the greenery and make little snow. L. C. 


9. Deforestation in New Zealand. By L. S. Gibbs. (The dardever'a 
C/ironfcle, vol. 44, pp. 355-o6 ; November, 1908: aii<l vol. 45, 
pp. 225-ii6 and 243-44; April, 1900.) 

The authoress, who spent six months in New Zealand, gives, in three articlob, 
her views regarding the wholesale destruction of Tort'bt in the Dominion, and the 
methods pui'suod. The observations wore niado chiefly from the most frequonti'd 
tourist routes. The following extracts show the st^me of the artlcl(*K : 

“ The results of deforestation everywhere to oe witnessed in the country 
between Auckland and the Blufl were such as to create an impressloii as painful 
as it was indelible. Past and present evidences of the effect of the dostructiou 
haunt me everywhere, from the barren plains and barren hills of the older 
* settled’ districts in the one case, to the miles of blackened tree-stumps, ovon 
on much-advertised tourist routes, in the other.” “These results are caused by 
the requirements of the settlers; for, unfortunately, they and devastating bush- 
fires always go hand-in-hand. Once the fire has done its worst, English grass- 
seed is immediately sown, and cattle and horses are turned loose amongst the 
standing and prostrate logs, which are left to rot on the ground. A little home- 
stead vw be run up amidst the debris, a couple of rectangular paddocks will bo, 
perhaps, cleared of the roots of the trees and enclosed by a hedge of Pimn pinattUr 
(erroneously called P. insignis) and Oupresaua macrocarpaa respectively as wind- 
screens, and the result is a t^ical New Zealand landscape. To have the pine 
without the cupressus would be wanting in imagination and taste.” “Tbe re- 
maining forest land is generally Gkivemment property, and is leased in ‘ sections,’ 
which, when large areas are opened np, are put up to auction. This land may 
be covered with the most wlendid forest-growth, such as the Waimarina Bush, 
now being cut up by the Main Trunk Bail way from Wellington io Auckland, 
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wlurh has boon purposely iiui iluuujili it/’ “The legioii m quebtioii, like the 
greater }>ovtum ot the LSorlh Isluiid, of a soH])stone ov * pappa ’ formation, 
whieh ^vealhel•fl into a elainmy day.” “Oleared in the usual wasteful fashion, 
not only are tlu* unmteresting contours of the country exposed to view, 
hut the loH‘st IS rephn-ed by a weedy upgrowth of h'uchmi exrortirata and Ark- 
totUia rttremoi^a, mixed with any and every Rpeei(‘s of the heterogeneous mass 
ol heibacA'ous ami shrulihy aliens, which aie ever ready to invade iresh areas, 
turning a natural garden into a vegetative .slum.” “ "rhe disreputable Maori who 
idled our eanoe uji-stream voiced, parrot-like, the ery of tho country, ‘ Too much 
luish; too lew eluldren.’ ‘ liush is there to ho hurnt, and the sooner the bottei. 
It IS .1 most contisnptuous and imfoitunato term.” 

Speaking of the aouth Island, after explaining the. effect of the Dividing 
Jtunge on the lainfall and distribution of loresl, the authoiess woiles, “ 'fhe mixed 
forest ot the West Coast is too soaked with luoisturo to bum easily .... 
but all the best trees are b<‘ing rapidly out out by sawmills. ’ ” The iiatuial 

tor(‘st-growth, if worked on smentith* principles, would form a magnificent asset 
to the re.sourees of any eountry. As it is, in such mixed foiest, each kind oi 
tree is limited ui numbers, and, when out without regard to age, only tho old 
and aborted specimens are lid't standing, and the forest is, in conseciuence, unable 
to regenerate itsidf. 'I’lu* r<*siilting thinning alters the prevailing conditions as 
to liglit, moisturt‘, and wind, and allows the ingress ol rabbits, which devoiii 
all young vegetation, and so prepare tho way for an army of alien herbaceous 
plants and shrubs, including blac'kberries, sweetbriar, gorso, and broom, which 
luxuriate in the virgin soil. Kuiigal diseases attack tho weakened indigenous 
trees, which will have no further chance to re-establish themselves; so that all 
commercial value in wood, whieh forms one ot New Zealand’s exports and its 
chief scenic charm, giies into the pocket of the first man who comes to enjoy 
the unrestri<jted exploitation of tho virgin forest.^' ” Once through the [OtiraJ 
(rorgo, we enter the <‘Ountry of dry rainless winds and tussock plains beyond, 
between bare tussock hills, yellow ovon in the beginning of December; all sheep- 
runs, the glass burnt off every year, and rabbits ubiquitous. Here one shrub, 
Ukvaria lomnaCou, or ‘ wihl Irishman,’ holds its own. U is a veritable mass of 
thorns (arrested brancUesh with itn-ouspicuous green leaves and white flowers. It 
grows singly in tho wi<le river-beds, on shclterod mountain-slopes, and in the 
plains. Otlierwiso not. a tree is visibh»- that would mean fewer sheep to the aero; 
and the imfort.unate animals in the blaze of the him find such shelter as they may 
under the Di^varla. It is a familiar si^ht to see them crowding imder what can 
be only shade in their imagination, and it makes one question whether it is really 
advantageous, oi* is merely an atavistic idea inhoriiod from ancestors accustomed 
tj more luxuriant conditions. 'Phese places must all have been wooded at some 
time not far distant. Nothing else could account for the extraordinary paucity 
of herbaceous plants, of whi<*h Vranitedia uni flora is one of the few which oeoiirs 
in any quantity on tho plains,” 

Speaking of tho Maekonzio I’ountry, it is stated, “ ^Phese plains, thanks to the 
agency of man, luii up to th<‘ foot of Mount (look, and, as far us I eoiild make 
out, they (‘onstitute tfu* subaljiiuo meadows of N(*w Zealand ecologists.” “It is 
a three-iltiys drivi* from Mount (look to hake Wanaka, and for the whole way there 
is no Tiativ«» tree to be si'en, I was told Iherc was ‘bush’ in tlic back country, 
so that it must once have existed in the front; but this eountiy of huge sheep- 
runs, when* ov(‘ry station has to Keep a gang of rabhiters, tells its own talc. 
Deer have bi'im also int io<lue<*d, and arc increasing to a large <‘xtent, much to 
the disgust of the riinholders.” “At hake Wanaka .... there was the 
same baneful deforestation, sbeep-nin bareness, and poverty of soil, 'Phe moun- 
tains in the ba<‘kground show up green, for the runs have not got so far back yet.” 

A brief description is given of the (Hinton and Arthur valleys, and of their 
suitability as a sanctuary for the indigenous flora, ami fauna. The articles con- 
clude as follows ; - 

” Isolated rosorves liere and there are of no value from a physioavaphical, 
mmoinic, or rainfall point of view. In a naturally wooded country Tike New 
Zealand the question should bo treated as a whole on some recognized plan drawn 
up by competent forest ofncials who have been trained not only in the gi^eat schools 
of Nancy, Mimich, and tho magnificent economic forests of Franco and Qeiinany, 
but also in the management of virgiti forest, which under scientific guidance has 
achieved such a success in India,*’ ** India is in tho happy position of being 
able to treat questions from a scdontific rather than a party standpoint. In New 
Zealand tho (Tovemiuent alone can act in the matter, as for economic reasons the 
private owner is helpless and the mere oi'cupior indifferent. Labour costs 10s. 
a day, and is difficult io obtain id that : < here fore ]»rivalc enteiprise is discouraged.” 

L. Q, 
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10. Ourisia modesta JOieIjSj eine neue Art Neuseelaiids. ISy |j. Diels. 
(Feddo, Eieportoriiiiu, Vol. 7, p, IN. !!)<)!).) 

Tho following is the original drsoriptioii of OuriHia inodfi^fa Dirls. an iiu'oni- 
pletc aocjount of wliith was givrn by Clo<-kaym‘ in his “ Uq)(>rt on a Potani<*al 
Sui’voy of Stewart laUmd,” p. ‘1*1 

“ Hcrba Tninuta. Caulis procinnlms rrpriis vadicans. Kolionnii potiolns him* 
indu villosulus vol ciliatiis, 2-1 nun. loiigus ; lamina crassiusrnla glabra, o basi 
levitcr oordata roniformis v<‘l roltinclato - olUptioa, Ji-nmm. longa, 2*f> l*r> inm. 
lata; (lores solitarii; pcdunoulns 5 nun. longiis; <*alyx 1- (rarius f)-) lolms, tubus 
circ, T) mm. longus, lobi 1*5 mni. longi, lati, ohtusi ; (‘orolla ^-fida, tubus 4 mm. 
longus 2*5 mm. latus, lobi anguste olliptioi apioe trum-ati vcl h'vissimo <'marginati 
3*5 mm. lougi, 1*5 mm. lati; staminum anlhorao ismiformos, hx-uli <lomum oon- 
ttuentes; ovarium glabrum ovoidoum 1*5 min. longmu, sylus 2*5 min. longus; stigma 
eapitato-discoideum. ^ 

“ Neu-Seoland : Stow'art Island, llakiahua Valley, auf nassmn Bodon (Ur. L. 
Cookayno !). 

“Species ininula Ount<iov mvapUot^av Hook. f. abpie eius varie(.ati ///•///•/7/s 
Hook. f. proxima vidotur, sod peliolis longioribus ot floribiis muHo minoribu!. 
facile distinguitur.” L. O. 


11. Pecten inultisquamatus Uunb^.r, and Pecten radiatus iruttoii. B} 
M, Havay. (Bullolin du iVlusouin National <riUstoirt‘ iNaturollfc, 
Pariw, 1909, No. 6, pp. 277-60, pi. iv, %. A.) 

Diagnosis of Pecten (Uhlamys) radiafita Hutton: Shell rather thin, orhie.iilai, 
very little convex, nearly equilateral, inequivalve, the right valvt* a little morti 
convex than the left, finely ribbed, the riblets spreading radially from the beak, 
dividing into two or three, this process being repeated once or sovoral times, anil 
thus the number of riblets is increasing with tho distance from the beak. There 
are 100 to 150 riblets, according to tho size of tho valves, and amongst them about 
20 are stronger than the others. Tho riblets are, except at the boak, oimamented 
with small, transverse, erect, and close scales. The oars arc unequal, tho anterior 
ears larger, the posterior oars with an obliquo margin, all with riblets similar to 
those of the valves, but they are stronger on tho anterior ears. hJinus denticulate, 
irregularly quadrangular. Colour, purple or orchraceous, paler on tho right valvo; 
the* umbonal region is either paler or of a deeper tint, sometimes spotted with 
white. 

Hab. The specimens in the Museum do Paris are from Stowart Island, and 
also fx'om the Tonga Islands. 

Bavay says that the sculpture resembles that of Peete.n nic.fjv.nbavhi Dray 
(the author of this species is Keeve, and it is a synonym of P. zelmidiav Cray), and 
is of the same type as that of Qhlanujs ialandicus Muller and ruhtdui^ Innds- - 
viz., that characteristic of the section 

The author states that ho formerly considei^ed our Pevfvn rudiaiua Lo be 
identical with P. nndthquamatua Hunker, from the Antilles, ami he oxpri'ssed his 
astonishment at the wide distribution of the. species (Journ. do Ooneh, vol. liii, 
190(i, p. 26). 

A note and figure published by Mr. C. Hedley, of Sydney ((Udamyn radio tun 
Hutton, P.L.S. !N.S.W,, vol. xxxiii, 1008, p. 472, pi. 10, fig. 28), has, however, 
convinced Mr. Bavay that he was mistaken in his identification, and lio now states 
that the two species, though nearly allied, are distinct. 11. B. 


12. Bird-life on the Kermadec Islands. By Tom Ircdalo. (The Ihnu, 
rol. X, pt. i, p. 2; July, 1910.) 

This paper deals principally with the habits of the birds of the Kermadec 
Islands, as observed bv Mi*. Iredale during the year 1908. 

The following is the list of the species of birds enumerated : — 

1. Besidukt Lani>*btiii>s BaEsniNa in the Group. 

Pro^themadera iwrae-zeahndiae (Tui). 

Halcyon ragann (New Zealand Kingfisher). 

Oyanorham'phm cyanurus (Parmkeey. A doubtful species, specimens from 
Macauley Island having been referred by Sir Walter Bnller to 0. novae- 
zealandiae, 

Porzana 'jfiumhea (Spotless Crake). « 
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II. Ska visitjn<; tiik (Iiioui* nuniMii tiim Summkk Months to bhkrd. 

Slema furnjinotta (Sooty Toni, Widoawnko). 

(hj{fi» olhit (Wliili* 'IVni). 

Mivntnous frurora/jiflus (Whito oiippod Noddy). 

/hor<>/.^h‘i'nu rinvrva ((Ji'(‘y Noddy). 

/*hftf>l/ion vruhv/^vvns ( II(‘d tailod Tropio liird). 'I’ho Koi !nad(‘(* Island bird 
lias liitluM’to l>o(‘n roTtMTi^d to /\ nihnntuda. 

Sul a rj/((Uoj)H (Masked (Jannot). 

Pu/lnnt,^ rhtororhjfUt'huH ( \Vod£»o- tailed Slioarwati^r). 

Pujjuiui^ Ui^i^iinilh (Allioii ShoarwaitM-). Broods during winter months; ai‘> 
rivos in May; plonliful on JIrd Aupfusl. 

Of'slrt'lnfa retrirn/in (Sunday Island Botrol). 

OcHrelata nifjii/ipnuiii ( Bla<‘k-wini](od P<‘tvoI). 

OeHireliita nvtjh'cta (Konnadoo Island Mutton-bird). Bep[ins to arrive at 
Sunday fslaiul in Au^nist, leaves in April and May; lays from October to 
IMiruary. On M<‘yor Islet lays from February to May, the young 
leaving in August. Mr. I redale points out that* this sneides, which is 
very variable in eol(»ration, must incluch^ all th(‘ petrels breeding on the 
surhu'i* in the Kermadee Islands, and previously known under various 
names (moUh. Ifuro/j/irt/j^, uetjhrfa). 

III. Visirolts; NOT KNOWN TO lUlKKU IN TUB OllOlIO. 

Ih'odj/ntimifi hiifrusitt (Long-tailed (hiekoo). M<‘t W'itli in every month of 
th(‘ year on Sunday Island. 

(^iiru-s iUnddl (?) (Hairier). Notie<‘d on Sunday Island and Meyer Islet 
fioin Mareli to Oetoluu*. 

Kujwrrilioso ((Irey Duek). Not(‘iI all the yiTir on Sunday Islfind. 

I'hnnidtUt.^ diHninirua (Lesser (lolden Plover). A few birds notieed during 
Seplembiu' and Oetoluu' on Siiiulay Islaml, and in November on Maeanley 
Islaiul. 

Or/tfJiodrotiiUi^ tytc.dus (Oriental Dottrel). One bird obtained on Sunday 
Island in .\pril. This is the first record of this species from the Ker- 
mudee Islands. 

Xumrniuj^ rorlvfjatm (Whimbrel). One specimen obtained on Sunday Island 
in Septimiber. 'rin* first. re<*ord fniiu the KerniadecB. 

II vfvtoih/tjUi acuminata (Stint). One bird shot on Sunday Island in October. 
Th<‘ first record from lh(‘ Keriiiadecs. 

DiomvdUi cjcubfUf* (Wandm’ing Albntros). One specimen washed up on the 
beach, Sunday Island. 

Pchujodroma manna (Wliite-fac'cd Storm Petrel). Two specimens wa.shed up 
on IxMichcs in October. 

IV. SpK<’IKS PRKVIOUHLY KKCORIIKI) I'UOM THK (iHOUl*, HUT NOT NOTKTiD DUKINO 1908. 

liatlui^ 'philijtpincnfih (Pectoral Bail). 

Zonfcropn rofrulenrcnn (White-eye). 

Anthui^ narav :rafandlac (Oround lark). 

hlmui^a nacav tvtdandlac ((balwit). 

AnauH HioHdun (Noddy 'IVrn). 

Daptlan va/ivnais (Oape Pigeon). 

PuffinuH tciniir<mt.rh (Tasmanian Mutton-bird). 

V. Tiirmk Birds aci'iumatj'/kd in Nkw Zkadand havk rkachkd tiik Orotii*. and 

flAVK. KIRMI^V khtaihushkd tukmkkdvkh, 

European Song-thrush, Blackbird, and Starling, 

IL B. 0. 


13. On Marine Mollusca from the Kermadee Islands^ and on the 
‘‘Sinusigera apex,” By Tom Imlale. (Proc. M«l. Soc. vol. ix, 
pi. I, ]i. ()S; Miurh, MHO.) 

Notes on (‘.ertain species of Mollumut <*ol]eeted in the Kermadee Islands in 
1908 are given, together with the following list, vrliich includes only those that 
have been identified with already des<'rib<»d species 

1. Hekioniacuit crathtdahis Suter. 4. Aftgaria tyria Rve. 

2. J7. ddrutt Rve. 5. A* difrtcrki Tjinn4. 

3t AncktromemM kmnadeeethitie Pile, 6, Leftoifvyra picta Peaae, 
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Pai)ers mid Ahstrcwtfi, 


7. Nerita melamirag^ta Smith. 

8. N, plicafa Lmn^ (= 2V'. undata (Linn#) 

Suter, Index b'^aunae N.Z., p. 81). 

9. Litiotina niaittniuna Q. & (L 

19. Tecta) fpe)eeH8ih Kvo. 

11. Plan axis hraaiJianint Lam. 

12. RiMoa conoaa Webster. 

13. /?. ca)ididU6i)na Webster. 

U, Kmoina polytfopa Hedley. 

15. H, plicata A. Adams. 

10. C&fithiopsis ainon Ba.yl<‘. 

17. Strirmbua aratus Marl. 

18. 3* ulceus Linn. 

19. 8. elegana Sowb. 

20. Xenophora corriigata Eve. 

21. Hipponix foliacea Q. & 0. 

22. Naiica aagiUata Menke. 

23. N. orientalis Gmel. 

24. Pelinicea aimiae Desk, 

25. lanthim ianthina Linne. 

2tS. /. urnbilimtu d’Orb. 

27. 1. exigiia Lam. 

28. I. glol)oaa Swain. 

29. HecHuzia HatgramM ( 'ox. 

30. Vyptaea eroaa fjinue. 

.31. 6'. cayuia&rpenUts Liniie. 

.32. fUrato lackripna (^ray. 

33. A’. co)rugata Hinds. 

34. Trivia mpoLina Kieiier, 

35. 8epla riibicanda Perry. 

30. Argoi)tuicin/um aaisIriJaaia Perry. 

37. A. aiphonatum Eve. (sa Tutu fa {Croa- 

aata) caUfomica (Hinds) Suter, 
Trans. N.Z. Inst., xxxviii, p. 328). 

38. A, papilla Wood (» BaneUa oerru- 

corn, Sowb.). 

39. Cymatium Spengleri Gmel. 

40. 0, Dunheri Lisohke. 

41. C. caudahm QmeL 

42. 0. exaxakm Eve. 

43. 0, coatatum Bom. 

44. C. lainosum Wood (= Tiiton atrangei. 

Ad. & Ang.). 

45. G. veapac&wm Lam. 

46. 0, Parhinaonia Perry. 

47. Oaaaidea pyrn>m aaphiae Bra/. 

48. G. cemica Sowb. 

49. Dolium pomm, Linne. 

50. />. perdix Linn#. 

51. Architectonica cingula Kieii. 

52. Hdiacua variegedua (tmel. 

.>3, H. atramineaa Gmel. 

54. Epitemium perpkxvm Pease (= 

laria auatralia (Lam.) Suter, Jouni. 
Malac., vii, i>. 64). 

55. AUanta fvsea Eydoux and Souloyot. 

56. Golua tormina IMbirl. 

67. Mitra mitra Linn#. 

58. jbf. carhonoina Swainbon. 

59. M, lancedUtta Horvier. 

60. Alectrion apiroMa A. Ad. 

61. A, fifflwwiiostw Hinds (= Naaaa zoidUs 

(A. Ad.) Suter, Trans, N.Z. Inst., 
xxxviii, p. 331). 

62. Af acAdaria A. Ad. 


63. Thaia chaidea Dnclos. 

64. T. auccincta Lam. 

05. Sniithi Braz. (— PnrpiDu ahialn 
var. hoVonai Suter, 'Prans. N.Z 
Inst., xxxviii, p. 331; Ihuf)a 
bottmihi Suter, Prw. Mai. Soe., \iii, 
p. 254). 

00. Columbella )}e)6ic()l(U' S<»wb. 

07. Ly)ia nuckua Lam. 

08. OoraUiophila uenUutlea Ijani, 

09. 6’. nivm A. Ad. 

70. 0. Liachleeam i)unU. 

71. G. monodonia Q. & (L 

72. Magilus antigwaa Moull. 

73. MargineUa muatdi7ia Angas. 

74. Turria cingulifera Lam. 

76. Terebra venoaa HindM. 

76. Conua vmniculaiua Tjani. 

77. G. minvmua linn#. 

78. Pugnua parvua Hedley. 

79. Bidlaua fmpuUa Linn#. 

80. Bullina acMbra Gmel. 

81. fAmacina bulimoide)^ ti’Orb. 

82. Styliola aubida Q. ^ <1. 

83. Clio pyramidata Br. 

84. G. acicula Eans;. 

85. (J. eirgula Kang. 

80. Cuvier ina eolum))tlla Kang. 

87. Caodlinia tridenlata Gmel. 

88. G, triapinoaa Loaueur. 

89. C. hngiroatria Losueur. 

90. 0. mflexa Lesueur. 

91. Urnbraculum umbeUa Marl. 

92. SiphomLfia diamenenaia Q. #6 G. (t). 

93. 8, atra Q. & 0. 

94. Oadinia conica Angas (=s (7. nivea 

Hutton). 

95. Placmutriomia ione Gray. 

96. Area fdiata Eorsk. 

97. A. doiningenaia Lam. 

98. Lima hullata Bom. 

99. PMldbrya coatata Bern. (iuol. P, filholt 

Bern.). 

100. Modiolus auricvlatua KrauHs, 

101. Liiliophaga atraminea Dunk. 

102. SepUfer hilo&ularia Linn#. 

103. ModAolaria imparta Rorrm. 

104. MeUagrina vulgaris Sebum. 

105. Mdina rvuclma Linn#, 

106. Julia exquiaita GIOL 

107. Spondylua oatreoidca Smith. 

108. Oodalcia bdh Conrad. 

109. Diplodonta zelandica ( lra\ , 

110. haaaea miliaria Phil 

111. Erviliahiaculpta GldL 

1 12. Ohione toreuma Gld, 

113. Luitraria dblonga Gmel. 

114. Saxicavfi arctica linn#. 

115. Gaafrockaena Betaii Besh. 

116. Charm foliacea Q. & G, 

117. Nautilus pompilim L. 

138. N. vm^omphidua Sowb. 

119. Spifula aptrula L. 

120. Argomuta argo L. 

121. f A. nodosa Sol. 
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or Tnjj) 

NEW ZEALAND INHTITUTB. 

1910. 


P.VUT III. 

KKJHTH ANNUAL MEETING. 


Tin: aimiiol i>euoral mwtiiig of the lioard of (iov<'rnors of the New 
S5<‘alan(l was bold in Wn^ Anokland Mus<‘uni Libraiy, AVucklaud, 

on Thiirsdu}, 2()th Jmniai'j, 1911. 

Prcsotil : Mr, A. Hamilton, President (in the chair), Professor W. B. 
Ihnham, F.H.S., l)i, L. (\>ckayiK*, Dk nili»emloif, Mi. D. Petrie, 
Mr. R. SpcifJ^ht, Mr, J, SteiMivt, .Mr, K. Wilson. 

m flu /ft prt ttfafioti, — Th< Secretary announced the fol- 
lowint; ehanj*es in tin* ri‘preK‘nlation of the (Toverinncut and of the 
ineoriMirated soeielies on the Board of Utmumors: — 

Nominated tlH‘ (Jovevmnent ; jMr. C. A. Ewen (viet Mr, J, W. 
Jo\ 111 , r<‘Hijj;m»(l), KI(s*t<'d I)\ iueorporatcMl soeicti(‘H : I>r, Hilgendorf 
(vftif Dr. Karr, lesi^ned). 

The Seereiar\ then ealh‘d tlH‘ roll. 

The President d<‘ehir<‘d tin* meeting open, and .i{H)logi/.ed for the 
ahsc^iKM^ of llis E\<‘ellenev the (Jovernor, tlu' Hon. tln^ Minister of 
Internal AflairK, Mr. *\lartin (liapiiuin, K.C., Prol‘<‘ssor Bastcrfield, 
Mr. {), A. Ewen, .Mr. H. Hill, and Mi. John Voung. 

Af/dm^s, The President tIkmi delivei’ed his presidential 
4iddieKH. (S(s* ji. 7*1.) 

Mepoti of the Hfandioy (^omwtffn, -The Secretary read the report 
of the Standing Ooinmittee, whieli waa adopted, as follows ; — 

lliiHirn oi iim St\ni>ino Commitike. 

Dunng the yeai seven meetings ol the Standing Committeo oi the Boaid 
have been held, the *nt tendance being <iB follows: Mi. Hamilton, 6: Mr. Oh«ip- 
raan, Professor Easterfiold, ft; Mj. Joyni, Hi Mr. Petrie, Mr. Thomson, 2; 
Ml Young, 2; Professor Benlmm, 1; Di IVkayne, 1; Mr. Stewart, 1; Mr. 
Wdson, I. 1)1, f'hilton, lion Bditoi, was pnsent at two meetings, at the request 
ot the C'ommittee, 
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Hector Memorial Fund. -Mho individiml nieinlKM.s oi tli<‘ lio.iul .-.i^nijud 

thoir concurrence witli the mjucst of the Wellington llcdoi* M(‘inoiial (\nnniitl(M 
(a body acting indepondcntly of the Institute) that tlie Institute shouhl ass nine, 
under certain stated <*onditions, the custody ainl inanai'enu‘nl ol the fuiul, tin 
Standing Committee has gi\en efleit to the wishes of the <io\ernois. 'rh<‘ lepoit 
of the Institute’s lI*‘ctov Meiuorial Committee, })ies<‘ut<Ml with this i<‘|)ort, ileals 
fully with the snl)ji‘cL \ deerl of liUil will ho piepariMl, 

Ifuffnn Mt mot ltd Fund. 'I'he ('oiinnittM »tf Award in S.\diu‘y has heen in 
structod 111 the loiiditions uiidei which an awaid mii\ he made, and llieii* recoin 
meiidatiou will he opened latm at this meeting. 'IMu* St.inding t'onnnitiee reeoin 
mends for the favourable considoi.ition of the lloaid an appination lor a leseardi 
giant from the liind. 

Purchase oj Park Xumhits oj tht TrutiMti tion^. The Se<iel.iiv i.s i’onespond 
mg with the owners of ecrtuin \olumes, an/J if negotiations au siuct‘sdul a numhei 
ot complete sets will ho availabh* for sale. 

London Arunnj . — 'fhe ti«insf<‘i of this igent^ to Mcs.^ls. Willnm \\<sh\ and Son 
has been oomploLoii. aiul the engagmrmntt existing with thi' pieMons .igints satistai 
torily terminated. • 

Publiraliona . — The cost ol the juihlienlums -Tiansat tmns, l*r»a i'(*<lings, and 
Hulletins — issued last year was somewhat greatei than usual, anil pi-ompts the sug 
gestion that there should be a closer connection lieiweeu lhi« StaiKling (Jommittee 
and the Publication C^ommittee on the (piestjon of linaiuc 'rin* piihlication ot 
hullotins requires to be authorized and re»^ulaled. 

As before, publications have been distrihuted iliieil troiu Wellington to mein 
hers, according to the loll kept The inaitei of distribution is, how«‘\er, somewbal 
bound up with the succeeding subieot here dealt with, and tin* piactice of distil 
hution will not bo entiiely nniiurni untiljlhal mallei is settled. 

Copies ot Vol. xlii 'of the Tra asm tio’tis' were, in aiuirilance with the .\i-t. laid 
on the table of the House of ilepiesenta lives on tUb July, lOlh, and of the I^egis 
lativo Ooxmcil on otli July, 191 d 

The Board al Llic last iimetmg decided to liiud up Hie Ihmeetlings published 
during the year with the Transuetiuns, but this could not be mroinnlished with 
Voh xlii, as the limited number o( Parts i, ii, and iii had been distributed. 'J’be 
Secretary was, however, able to obtain about a hundred coinpleli* sets of the year’s 
IT'oceedings, wdiich were bound wdlb Vol. xlii. these copies being supjiliod to tlie 
leading libraries on the exchange list. The new iiile will lomnumi'i* witli Vol. xliii. 

Position of 7 nroriiorated fiorhlie'i . — The sub-coinmittei* which was appointi‘d 
by the Standing Commitloo Iftis not been able lo make an\ repoil, owing to thi' 
absence from Wellington of one of the members 

Pritidh A^doriaiion in Audhtditr in Pit)- A resolution was passeil at Ibe lasi 
annual meeting of the Boar<l, assuring tlie Melbourne UnKersity and the Austral 
asian Association fur the Advancement f>f Science of the Tiistitiite’s synipabh^N 
and support in the endojavours of thiise bodies to induce the British Association to 
visit Australia. It may bo possihli* to go hirlher than lliis ami invili* as inanj 
of the British delegates who can to visit New Zealand. J’he mutter is obviousl’v 
one in which the institute can onlv ad by suggc.stion, and il is hopeil that the 
tlovernmont may be induced to take pad in the mosement, 

Ifedohiiiom^ harituj tfu Fotn of Rr</idnlion'i. .\s r<‘sol\<‘d at the last annual 
meeting, the Secretary has pr<‘pared a list of the vevilutious pas.s(‘d by tlie Board 
and Standing (tommitloe from tune to lime since l9tH. It is ilesiralilc tliui a 
Committee be appointi*d to formulate these so that tliey may hi* gazetted or printed, 
as may bo decided. 

Exrhange The Slamimg I’onuiiiltec has added to the list the (himbridge 

Philosophical Society and the Xew' Zealand (leologieai Suivey. Other npplic,i 
tions ai*e held over to aw'ait the decision of the Board. 

Outlyiny Islands of Xeir Zealand . — Professors Kahteifi(‘ld and Kirk and the 
Secretary were appointed a sub-committee to inquire into thi* eonditions for leasing 
the outlying islands of New' Zealand . .V leport from T^riifessor Kirk is appended 
• For the Standing Committee. 

Wellington, 19th January, 1911. A. Uvmh.ton, Presidont. 

Gowmittee to deal loiih the Australian Visit of the British Assovia^ 
tion. — It was resolved, on the motion of ProfesKor Beuliaiu, soconclo<l 
by Mr, Speight, that the President (Mr. Hamilton) anil Pi*ofoKHi>r Eastor- 
field be appointed a committee to deal with the Anstralian visit of the 
Britisli AsHociation, with power to add to their niii-nbor. 
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i'onitiiittef t(i /ormu/ffh Jti gu/fti itnis hg the Hfandhuj Uom- 

miilef . — It ivholvcd, on IIh‘ motion ol* Mr. 1{. Spoiglit, seconded 

ProlVssor Himliiiin, <hjil i\ connnitt<Hs ooiisisting of the President, 
liie Hon. Kdilor, Mi’, lliimilton, inid Mr. Martin Chapman, K.C., con- 
sider ih(‘ (jm'stion of ronnulnting and juviniring for publication the 
r(‘£j;iilat ions [)ass(*<l by tiu' Stamling (‘Onmdtiois The nmnnittoo to report 
to the next nnnnal nu‘t‘i int>. 

Sfaf<'rnnff of tuid l^]tVp( mhi un . Tlu' statenicmt of receipts 

and e\}K‘ndil ur<‘, aiidiliMl 1>\ tlie Au<lit<)r-(h*neral, was, on the motion 
of Mr P<‘(ii<‘, s(‘cond(Ml 1>\ Dr. irilg<‘ndorf, adojitod. 


S'lVIKMlN'l Ol PR(’KII»'rs \Nn KxPKNmTUnK 


Hec( I />/s. 

lOlt). 

balaiKH' brought forwavrl 
Oovoi’iunont 

Kot?an, Paul, and (Jo. -HalaiUM* 
of account 
Uciuiid of postage 
iSnl<‘!=5, “ Maori Art," &(•. 





Kxpendihtrr. 




t 

h. 

d. 

1910. 

€ 

s. 

d. 

t02 

10 

7 

draiit to Hector Memorial 




500 

0 

0 

Fund . . 

20 

0 

0 




.Secretary’s salary .. 

25 

0 

0 

55 

4 

4 

Trav<41ing-cx}H‘usi.'s of Board 




12 

0 

5 

of Governors 

23 

17 

4 

5 

17 

3 

Altc'rat ions to seal 

4 16 

0 




Insurance. , 

0 

0 

0 




Hon. Kclitor s petty cash 

5 

0 

») 




Secretary’s pi'tfcy cash 

5 

0 

0 




W. A. Mackay — Services 

5 

0 

0 




StatioiK^ry 

Postage of Trausaotionb 

8 

9 

J 




24 

0 

0 




1 Purchase' back volumes Trans- 







1 actions 

0 

10 

0 




1 TyiniiK .. 

(’atalomio for Kciontifio litpra- 

5 

19 

9 




ture 

10 

0 

0 




' Print ini» Transactions, Pro- 







cecHliugs, and Bulletins 

099 

12 

0 




KxfK'nscH Auckland meeting . . 

1 Bank ehargi's and cheque- 

50 

0 

0 




book 

0 

12 

0 




Balance . . 

77 11 

2 

W»7f> J2 

7 

1 

£975 

12 

7 


(Utrtcr Hcquv^i. ~Tlu‘ following Ktalomont, showing the state of the 
Carter Bo(iuost, was r<*eoiv(‘d from tin* Public Trustee : — 


Statrmkn'i or A<'roiiNT, HImt May, 

<W. C «. d. 

Balanco as at 31 h( March, 

1J)04- .. .. .. 2,247 0 5 

Wliaivh, N.JC. Uian ainl M<‘r- 

C‘unlilcA#'<»noy Company. . 0 12 0 

Lnt(‘i‘(*Ht, N.5C, Ijiain and M<‘r- 
cantilc Agency (Miujainy. . 4-4 3 

Interest, Public Trust Ofliei* 730 10 4 

i:2,080 5 0 


1001, 10 31st DwCBMliUR, 1010. 

iJf, t s, d. 

Admin ist ration expense's — 

(^uHing books .. .. 0 2 0 

Public 'Fnist Otlicc commis- 
sion . . . . . . 0 4 5 

Bnlanf‘(‘ . . ... . * 2,088 18 7 


2,089 5 0 


Jssc/s. 

£ B. d. 

Balance as above . - • •• 2,088 18 7 

Debenture stock, N.Z. I.oan and Mercantile Agency ^ ^ 

(’ompaxiy (fa<*e value) ... , . *. •• 32 .j o 


£3,021 4 0 
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Hutton Meniorinl Trin^t Fun<L -I'ho l‘oll(>v\ ini» statiMm'iit , sIio^mul; 
the position ot* the Hutton Memorial Ueseareli Kuml, was reeeiv<*(l from 
the Public Truatei* : — 


Statement or AitorNT, Jiito Vruin, 

Cr. £ H. <1. 

(Japital — 

Now 22oalantL Institute . . r)r>0 0 0 

Subflcriptiou . . . . 110 

Balance forwawb'd bj’ Hon. 

Treatiuror of fund . . 10 0 1 

Interest, Public Trust Office , . 7112 0 


inos, le :ns'i 

Bnla!ir<‘ 


l)i ( i Miii a, lOln 

£ s, d. 
. . «M2 2 1 


£(42 2 I 


£042 2 I 


rositiou of tiiv 1 ncorponiied Focicttfu . — it was resolved, (»n tin* inotion 
of Di*. Hilgeiulorf, seconded by Dr. Cockiane, tlial Mr. .Martin (Iliup- 
laau, K.C., Mr. Hamilton, and Dr. (\)cka\tK‘ l)i‘ a eominilte(‘ to e(>nsi<l<‘r 
the position of the incorporated societies. 

Hutton Memorial Award, — A recomniendatiun, date<l Otli DetHMnber, 
11)10, was received from Professors T. \V. H. David, \V. .\. Ifasw<*ll, 
and Mr. Maiden, the Coiuniittei' <»f Award a]>p(>int<Mi to nH^onnnend a 
suitable recipient for the Hutton .Me<lal. 1’Iie eoiumittiv reeim mien (](*<! 
that the medal be aw'arded to Profe.ss(U* W. H. Henliani for Ids eontri- 
butions to the zoology of Ne'vv Zealand. 

On the motion of Dr. C(M*kayne, vseeonde<l l)\ Dr. U iliremhu'f, it 
was resolved that the report of tlie eommittee k* adojded. 

It was resolved that the Si'cvetary be authoriyAMl to act with the 
President in getting a suitable inscription engraved on tin* me<lul. 

It was resolved that the Cliancellor of tlie IJnivtu’sity of Otago l)e 
asked to present the Hutton Medal to Professor Benliam at th<‘ first 
public oeremonial held by the University Council . 

On the motion of Mr. Speight, seeoiidod by Di*. Hilgeiidorf, it was re- 
solved that the thanks of the Institute be accorded to the eommiti<‘e for 
their assistance in making this award of the Hutton Medal. 

On tlie motion of Dr. Hilgemlorf, sc'ccmded by Dr, (’ookayne, it w’as 
resolved that Professor Davi<l, Mr. Mai<len, ami Professor IhMihum be 
appointed a conimitke to make the ne.xt award (»f the Hutton Mi*dal. 

Hutton Fund Rentarch (rranf, — An application, dali‘<l 2()tli Sep- 
tember, 1910, from Dr. C. (’Idlton, applyinir for a irrant of tlO towanls 
the cost of preparing illustrations for a revision of the New* Zealand 
i'noitacea, w'as, on the motion of Dr, Benham, st*conded l>y Dr. (’ockayne, 
granted. 

Hector Memorial Committee Report , — The rop(»rt of tla* Institute’s 
Hector Memorial Committee w'as then read ami reauved, together with 
the audited statement of the fund at the titoe of taking it over on ^lOth 
August, 1910. A statement by the Public Trustee showing the condi- 
tion of the fund on 21st January, 1911, was also nveived. 

Heport. 

In presenting this report your coiimiittec clesirt*.** to preface its remarks bj a 
short snmmaiy of the means wffiich have been adopted to collect the sum in hand, 
how the Institute became the administrator of the fund, and tinder what conditions 
it accepted the responsibility. 

Sir James Hector died in November, 1907. Committees were ut once set up in 
the various centres with the object of c*ollec*ting funds to perpetuate by some fitting 
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PH‘mon.il llic u,um 1 sitmips to srifiioo ami to iho folony l>j the late 

^entlenNin. M the fittli annual meeting; of the Now Zealand Institute, in January, 
l<i08, a <(>minitlee of the Institute was appointed “to eo-oi)erale with the other 
eoiUTuitlees alKsuly inoMiu^ in the <liie(tuni of eolleetinj' funds foi a memorial.'’ 
This eommitti^e eonsisled ol f^rofessoi Benhain, Mr. M. (Ihapinan, l)i. (Joekavno, 
Piofessoi Kasteitield, Messis. '1'. (Jill. D. IVtrie, and B. Speight. 'PJie Wellington 
iMiilesophieal Society (deeted a eommittee eonsisting of Messrs. ({. V. Hudson 
and Hamilton, and the (’anteilmiy Philosophi<-aI Institute a (fnnniittei* eonsist- 
iiui ot l)i (Midton, Di. (’. Fan, Messrs. SptMght and Waite, (‘ommittees 
roimed outside ol tin* Institut** weie tlu* Wellington lledor Memorial (’ommittee, 
tonsistiug ol Sii Hohert Stout, .\h. M. Fhapman, Mi. A. (hawford, Prof(‘SRor 
h]ast(‘i (leld, l>i. J. M. Mas<m, with Mr 'P. King as Seendaiy. This was the chief 
eommitU'e, t«> which th<* other (ommittees lemiHtul the funds eolleeled by them. 
The Dunedin Ileeloi Memonal Committee consisted of Professor Benhani, Dr. 
t\>l(|iihoun, Di. Iloiken (Sei iidaiy), Ibofcsssoi Marshall, Professor Scott, 1^’ofessor 
l^ark, ami \li <«. M. 'Pliomson. li\ May, BIOS, the eliiet eommittee had in hand 
£1*280, the gi<*ai«M poitiiui ot which had been collected in Wellington Province. Jii 
Jiilj, BIOS, tht‘ Standing (’ommitiec* of the Instituti* passed the following lesolu- 
tion : “ 'Phal Dr *1. M. Mason he inloimed that the Standing (Vnnmittee is of 
opinion that tin* sev<‘ial lle<*tor Memorial Oommiltees should issue a joint circular 
iiAiting flirt hei suhsenptnms to the hind, and imdeitaking that tin* final allocation 
of tin* fund shall not he d(‘eMl(*d <»n until tin* suliseiilais have h(*en (hil;v <'oiisulted 
upon the suhj<‘(t. On Ith F<*hiuai\, 1000, a (onleieuei* of thi* delegates from the 
V, II ions eomimttees was held, and it was agieed to issin* a joint eiieular appealing 
toi mole timds 'Pin* cim ulai was issued on 1st Maieh, 1000, and lesulted in a 
Miiisideiahle augm(*ntat ion of tin* funds. 

O^lie Institute's W<‘l!inglon (ommittee was not i (‘appointed at the sixth annual 
uu*(‘ling in Fi'hiuary, U)00. 

Voui eommittcH* was not appointed until the animal meeting m danuaiy, 1010. 
On 1st .MnM*h. PMO, tin* ({ovt'rnment having piomised the fund a pound-for- 
pound suhsidv up to JkJaOO, the W(‘llington Heitor Memorial ('ominitlee issued a 
tiiithei (Mtuiai calling for adilitional suhseriptions Imfore lilst March. Subscrip- 
tions moK* than (*nough to enable the (loveinment sulisidy to lu* earned weie (piiekly 
received. The suhserihers were then appiaised of tin* pioposiil of the Wellington 
Hector Mi'inoiial (’ommittee to hand over the funds to the Institute in the follow'- 
ing circular (dated IHth April, 1010), a copy of which was sent to every sub- 
sen h(‘r 

(^hi'ulur to Suh'>ryfh(*ris. 

I have the honour to state that there is now £11,018 lOs. 2d., which includes 
<1 subsidy of £800 reeeivml from the Hoveiument, standing to the credit of 
the fund* 

I’he follow'ing t<*ims under wdiieh (he Heetoi Memoiial (’ommittee is pre- 
pari'd to hand over the managimnnit of the* Fund to the Hovernors of the New 
Z(‘alan<l Institute have b<‘en approved by the eommittee 

1. 'Pin* fund shall lu* invest<*(l in sueli seeuritii's as are pioper for the iiivest- 
iiu'iit of tnist funds. 

2. Tin* (lov<*ru(irs shall, out of the ineomi* arising from the fund, provide 
an annual prize, to be ealle<l Hu* “ Ht*etor Piizi*,” wdiieh shall have for its 
olijeet the 4*neoiirag<*men( of seientlPn* res(*areh within New Zealand. 

8 The prizi* shall lu* awaided liy rotation for the following subjects: 
Botan.s, ehi’iuistrv, g(‘o]og,\ , ph.vsies ( ineluding nmtIn*Tnalies and astronomy), 
and zoolog^v. 

1, In each year the prize shall be aw'ard(‘d t-o that invest if^a tor who, 
working within Hu* Dominnm of N(*w Zealand, shall, in the opinion of the 
(lovi‘nmis of tin* Institute, have (h>ne most towards the advaneenu'nt of that 
branch of seleiuu* to which tlu* prize is in such year allotted. 

8. Tlu* (lov(*rnorH of the Institute shall draw up regulations giving effect 
to the for(‘going scheme, and nmy, if they think prop<*i, provide for tln^ 
appointment from time to lime of a eoniTniltee of experts to give advice in 
the awarding of the prize. 

Whilst not wishing to lay ilown any lmx;d-and-fa8t rule, it is the desire of 
the H(*etor Memorial (Jomniittee that the recipient of the prize devote the same 
towards defraying the (‘xp<‘nst‘s of further investigation, or of the publication 
of r(*seareheK already completed. 

Hobkht Htout, 

On behalf of the Wellington Hector Memorial 
CJommittce. 
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Appoint nit nt of Committee of Award . — On tlw.* motion of Dr. Hilgen- 
tlorf, seconded bv Mr. K. Wilson, it -was resolved tliat a committee be ap- 
pointed to recommend the ilovernors of the Institute as to the award of 
the Hector Medal and Prize. The committee for 1911 to be the Pro- 
fessors of Biolot?y of the four University Colleges and Mr. Speight. 
The awards to be made in the order in which the subjects are heroin 
numbered. 

Committee to obtain flecfor Medal . — On the motion of Mr. Petrie, 
seconded by Mr. Janies Stewart, it was resolved that a coimuittee, con- 
sisting of the President, ^tr. Hamilton, and Professor Kaaterfield, l)c 
appointed to arrange for preparing the Hector Medal ; tlie cost not to 
exceed £100. 

Eeport of the Publication Committee . — The following report of the 
Publication Conimittee was then read ; — 

The Committee begs to repoifc that seventy-fi\e papers were sent in for pub- 
lication in the Transactions for 1909 (i.e., Vol. xlii). These were considered at 
a meeting held in January, 1910, immediately after the annual meeting of the 
Board of Governors, and, with the exception of a few that were held over for 
lurthei consideiation, weie at once handed to the Government Printer. Sixty-three 
papers were published in the Transactions, Vol. vlii. two in the Proceedings for 
1909, Pait IV, and two as separate bulletins ; tme was referiod back to the author 
for condensation, and the leiiiainder were not leconimended for publication. With 
regal d to two oi these there was some cuiiespondencc vith the authoi, but the 
committee adhered to its decision, on the ground that papers that are puicly con- 
tioversial and add no new facts of importance to the subject discussed are not 
suitable foi inclusion in the Transactions; nioieovei. fairly full abstiacts of those 
papers appeal in the Proceedings. The Transactions for the yeai* 1909, Vol. xlii, 
contains vi and 642 pages and 67 plates, in addition to a very large number of 
figtu'es included in the text; the fourth part ol the Proceedings for 1909 extends 
from pages 91 to 160, and includes the lists of members, the NeA\ Zealand Institute 
Acts, &c., which have hitherto been given in the volume of the Tiansactions. The 
final pinjofs of the Transactions weie corrected about the middle of May, and the 
volume was ivady for issue early in June. *The thanks of the Institute aie due to 
the Goveniment Printer foi getting the volume out at such an early date. 

A few of the papers in the Tiansactions are of great length, and in the opinion 
of the conimittee some of them are capable of being condensed with advantage, and 
it may be necessary in the future to recommend this course in a greatei number of 
cases than has been done in the past. In some cases, again, the papers are accom- 
panied by a large number of photographs, some of which aie not absolutely neces- 
sary for the illustration of the paper. As these photographs have to be reproduced 
as half-tone blocks on special paper, they add very considerably^ to the cost of the 
volume, and it may be necessary’for the futuie to restiict in some way the number 
of plates allowed to each paper.' It is desirable whenever possible that papers should 
be illustrated by line drawings prepared in accordance with the instructions printed 
for the guidance of authors oi papers. Most of these can be then incorporated as 
text-figui'es. and in nxany lespects aie preferable to separate plates. 

In accoi dance with the instructions of the Board of Governors, the committc*e 
arranged for the publication of two of Major Bioun's papei's on Now Zealand 
t\deo/j/tra as separate publications imder the name “Bulletins,” and it hopes 
that the example thus set may be taken further advantage of, and that othei lengthy 
and important papers which foi any reason cannot suitably be included in the 
Transactions may oe published as separate bulletins. Bulletin No. 1, “New Genera 
and Species of Cohopteray' ctmtaius 78 pages, and Bulletin No. 2, “Revision of 
the New Zealand Bi/rrhulat*' 26 pages and 1 plate, ^th were issued on 30th 
August, 1910. 

The first part of the Proceedings for 1910, amounting to 30 pages, was issued 
on 10th September, 1910 ; the manuscript of the second pari was sent in to the 
Printer early in November, and, though delayed owing to pressure of other work 
in the Printing Office, it is now ready lor press, and will probably be issued before 
the annual meeting of the Board of Governors. 

Fop the Transactions for 1910 (Vol, xliii) sixty-five panel's have been sent in. 
These have already been considei*ed to some extent by the Publication Committee ; 
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several of them have been sent on to the Government Printer for insertion in the 
volume, and the rest will be definitely dealt with at a subsequent meeting of the 
committee. Three short papers have already been printed in the Proceedings at 
the request of the authors, and several of the others sent in seem suitable for 
dealing with in the same way. The committee would, however, like to have some 
expression of opinion from the Board of Oovemors as to the policy to be adopted 
in future with regard to the insertion of such papers in the Proceedings. Their 
insertion in the Proceedings would insure more speedy publication, and would pro- 
bably encourage members to present their papers at an earlier period of the year. 

A considerable number of papers are still hand-written, although the instructions 
to authors aie that the manusciipts must be typewritten unless special permission 
to send in written manuscripts has been given by the Editor. Some opposition has 
been shown to the strict interpretation of this lule. Unfortunately, in written 
manuscripts there is room for much difference of opinion as to what constitutes a 
clear manuscript, and many, though apparently clear, contain numerous technical 
terms which are by no means clear to those unacquainted with them, and unneces- 
saiy trouble and mistakes are thus caused. The committee is of opinion that the 
Editor should have the support of the Board of Governois in returning any 
manuscript which in his opinion is likely to give the compositor more trouble than 
a typewritten manuscript would do. It is desirable also that greater attention 
should be paid to the instructions issued for the prepamtinn of drawings for the 
Transactions. 

The question of the number of reprints to be supplied to each author has been 
brought befoie the notice of the committee, and after carefully considering the 
matter the committee recommends that, as hitherto, twenty-five should be the 
ordinary number supplied gratis, but, in consideration of the facts that a wide 
distribution of the scientific work done in the Dominion is desirable, and that 
reprints reach many more persons interested in a particular subject than the com- 
plete volume of the Transactions can do, the committee suggests that authors who 
so desire may, with the approval of the Publication Committee, be allowed fifty 
copies free of charge, and that additional copies, if required, be charged for at 
cost-price, the rate to be duly announced j the committee to have power, subject 
to the approval of the Board of Governors at its annual meeting, to deal with any 
exceptional cases that may arise. 

The committee has also considered the possibility of moie tully indexing the 
future volumes of the Transactions as they appear. There are several difficulties 
in the way, and the preparation of a complete Index might delay the appearance 
of the volume, but the committee hopes that when the second pari of the index 
to the first foity volumes, containing the titles of the papers classified according 
to the subjects dealt with, has appeared it may be possible to include in each 
volume of the Transactions a subject-index on somewhat the same plan. 

For the Publication Committee. 

Chi’istchurch, 11th January, 1911. Chas. Chilton, Hon. Editor. 

On tho motion of Pj'ofi’ssor Benlmm, seconded by Dr. Hilgendorf, it 
was resolveil that the report of the Publications Committee be received. 

Fa pen to be printed in Proceedings. — On the motion of Mr. Petrie, 
seconded by Dr. CcK'kayne, it was resolved that tlie Board of Governors 
approve of the policy of printing short scientific papers in the Proceed- 
ings of the New Zealainl Institute. 

Instructions to Jnfhors of Papers. — On the motion of Professor Ben- 
ham, seconded by Mr. R. Speight, it was resolved that the memorandum 
for authors in the Transactions, section 1, be auiended by the insei*tion 
of the words for the time being” after the word “Editor"; also 
that the \vords '‘By order of the Board of Governors" fx‘ placed at 
the end of the memorandum. 

Authors^ Separate Copies. — On the motion of Mr. Speight, seconded 
by Mr. K. Wilson, it vras resolved that the recommendations of the Publi- 
cations Committee re authors’ separate copies be approved, and that 
the atithors must intimate their wishes as regards the number of copies 
required when sending in m^inuscript. 
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Professor Bi^uiiam moved, and Air. Speight ssecondod, tlial the rule 
in regard to authors’ separate copies be inwrted in the niemoraiidum 
to authorh. Carried. 

’Monographs and Buihfnts. — On the luotiuii of PiotVssor Uenham, 
'>eeonderI by Dr. Cockayne, it was resolved that a new regulation be 
adopted: “In addition to Proceedings ami Transactions, s])ecial mono- 
graphs or bulletins may bt.‘ publishe<l from time to time.” 

Report of th( Lihranan. — The report of the tion Librarian was 
received, as follows : — 

Dxiring the past year oonsideiable progiess has been made in the ariangement 
the library. Proper pigeon-holes have been provided, and labelled for the curient 
numbers of the serial publications received fiom various parts of the woi id. This 
enables the parts as they arrive to be kept together in definite places. A new 
system of entering the paits received has also been instituted, and will enable the 
<*hecking of pai*ts received to be moie easily accomplished ; it also points out the 
missing numbers. Owing to the kindness of the Minister oi Inieraal Affaiis, a 
lady has been employed for two months in tying up and checking bound and un 
Doimd sets of seiiaCpiihlications. A list has also been prepared of the unboiiml 
volumes, showing the paits missing. Fiom this list it w'ill be easy to compile ,i 
lisc of parts to be ordeied on some futuie occasion to complete the sets. The 
nuiiiber of items leceived diu'ing the year is 8o9. 1 would diaw your attention 

to H book w'hich has been leceived, the repoit of the expl jration of the subantarcth 
isl '»ds, carried out by the Philosophical Institute of t^auterlmry, a woik winch is in 
atcjy way a < .edit to ZtaUnd. 

Report of the Indu Commitite. — The* report of tlio lmlo.\ Commifctet* 
was r<eceivcd, as follow> : — 

The Indtx Cumimttee lepoit that work on the index has been pioceeding 
steadily during the yeai. The first part of the index is abeady set up, and a few 
copies Iiiive been printed, hut the (fovernment Printer has hitherto been unable 
to '*oik oil the numhei of impressions ordered. The second part, which gives 
titles and contents in a nioie detailed manner, has taken some considerable time, 
but ‘.s now ready in caid form for the Printer, and the printing has been autho- 
rized by the Standing Committee. As soon as the Piiiuei can pioceed with the 
woik it will be gone on wdth. 

Election of flftnorarg M<mbtrf,. — The election of au honorary iuenilH.*r 
in place of the late Mr. J*. B. Sharp was then proceeded wTth. 

Komiiiations were as follows : Captain R. H. Scott, nominated b\ 
ilie Auckland Institute; Sir Robert Ball, nominated by tlie Alanawutn 
Philosophical Society; Dr. AV. S. Bruce, noniinateil by the Philosophical 
Institute of Canterbury; Air. W. AA'. Froggatt, nominated by the AAVl- 
liugtuTi Philosophical Society: Sir John Alurrtiy, nominated by the Otago 
Institute. The ballot resulted in the election of Dr. AA". S. Bruce, leadei 
of the Scottish Xational Anraretic Expedition. 

Bfithipnetrical and Bioloylval Surrey. -—On the motion of Air. Speight, 
-econded by Professor Benham, it was resolved that the New Zealand 
institute respectfully request the Government of New Zealand to take 
advantage of the unique opportunity afforded by the presence of the 
exploring ship “ Terra Nova “ to carry out as complete a bathymetrical 
and liioloirieiil survey as possible of the M?as around the Auckland, ('amp- 
and Alacqiiarie Islands. 

Dr. Mawf(0/i\ Erpedition. — It wa.s resolved, on the motion of Air. 
Hamilton, sccomled by Mr. Stewart, that this meeting of the Board of 
<tovernora of tV New Zealand Institute desire to express their best 
wishes to Dr. Maw&on tor the suecoss of his^Vntarctic exjjediliou. 
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Import of ('ommiitu on Onthjnuj hlandh of Xeir Zeahuid, — Tlc 
report ot* tlic sub-conimittee apj[K>inU*(l by the Standing Comiaittee to 
lepttrt oil th<^ conditions ol* Usssino Hk* Auckland and other islands was 
read as follows : — 

Tho C'oiimiiLU'f 'lid not iiioel, but its ineinbt‘i& conimunicdted with each other 
iind ^nlelVlo^^cd lucnibeis of the [louse and the Secretary to the Ijanua Department. 
Mr. Ell, M.P., hud the views of ihe committee before the Preiniei. The islands 
have, it is now known, l>cen le. sed foi £47 ))ei ajinum 

iUinespondtnvt — Corrt spondcnci‘ w.us received as follows: — 

From the Mcllxmriic ruivorsitx (2:>rd Fc])i*uar\, 1910), acknow'l<*dg- 
iug the ivsolutioii passed at t(i<‘ last aunual mooting witli referenc<* to 
the British Association. 

Prom Captain Scott (iiTlli April, 1910), acknowledging the resolution 
of tliC last uuniial meeting with legaul to antarctic stmndings. 

From Dr. TV. S. Brucx* (21st May, 1910), on the aanie subject. 

From tlie IJnder-Secretaiw of Internal .Uiairs (IttJi February and 
2()tli A]n*il, 1910), with reference to the ])rinting of (iovermnont scientific 
reports. 

From Xidson (^dlego, reijuestine: to Ik.* ]>laced on the exchange list. 
Appnived. 

Election of Offictrs, — Tin* following otticers for 1911 w'ere elected: 
Presiilcnl, Mi\ T. F. (lux'seman ; lion. Treasurer, Professor Easierfield; 
Hon. Librarian, xMr A. Hamilton; Hon. Editor, Dr. Chilton; Publi- 
cation Committ<K‘, Professor Bonham, Dr. diilton, Dr. Hilgendorf, and 
Mr, Speight. Index (^)mmitt(*e, . diilton, Mr. Hamilton, Professor 
Easterfiold, Pvof<‘ssor Bcudmm, Mr. S]K'i<rht. Mr. B. ('*. Aston was ap- 
pointed Secretary. 

Place of Meeting . — On the motion of Professor Benham, seconded b> 
Dr. Cockayne, it w^as resolved that the next meeting be held at Christ- 
church, on tlio la^^t Thursday in January, 1912. 

Travelh’/i{/~e.cj)en!ies . — On the motion of Dr. Cockayne, seconded by 
Mr, Stetvurt, it was i-t'solved that tlio hotel and travelling expenses of 
members and the Secretary be [>aid by the Institute. 

Beports of I neorporattd Societies . — The annual reports of the Mana- 
watu and Canterbury Societies were recoive<l. 

Moved by Professor Bonham, seconded by Mr. Speight, that the atten- 
tion of Secretaries of societies be draw'u to the resolution passed last 
year, and that the (k^vernors reaftirra the need of the annual report 
and balance-siieet of each branch of the Institute being forwarded to 
the Secretary of the New Zealuinl Institute before the 31st December in 
each year, for presentation to the annual meeting. 

Votefi of Thanks , — On the nu>tion of Profossoi Benham, seconded by 
Mr. Wilson, it was resolve<I that a special vote of thanks be forw’arded to 
Dr. Chilton for Ids w'ork ns Hon. Editor. 

A vote of thanks to the Auckland Institute for tlie use of the Museum 
Library was carried. 

Confirmed. 

27tli January, 1911. A. Hamilton, President, 
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PRESIDENTIAL ADDRESS. 

The following the presideiitijil <leliv<*re<] at the iimiual 

meeting of the Boavtl of Oovernors of the Ne^^ Zealand IiiHtitute at 
Auckland, 2hth January, 11)11, by A. Hamilton, Dir<\.*tor, Dominion 
Mil ''Cilia : — 

(Jlntlealex of hie Be\BD OF Doyerxors, — It IS my duty to lay before you a 
f(.\\ leiiiciiks i elating to the progress of the woik of the Institute diu'inu the last 
% ‘di, and to supplement in some oases the items ^^hi^h you will find in the annual 
lepoit of the Boaid of floveinors and the balance-sheet. 

' In doeoi dance with the resolution of the Board passed last year, the Seoretaiy 
hti’- diawn up a list of the resolutions of the Standing Committee which have the 
foice ot leguletions, and these are submitted for the purpose of being put into such 
form as may be loquired to bring them into line with the regulations originally 
gazetted. As I have said before. I think it is our duty to have these duly printed 
<ind Fi't toith for the information of members so long as they stand as valid and 
opoiative regulations of the Boaid of Crovemors. I have suggested that instead 
of then being dealt with seriatim in this meeting they should be referred to 
a small eouimittei , who could report later on to the (’ouncil, and that w*e should 
I'onsidei the report of the committee as a whole. 

In the iepoi*t of the Publication Committee yon will find a good many practical 
suggestions hu the improvement ot the Transactions. It is a matter which re(|uires 
constant attention, and although many improvements have been brought about 
within the last few yeais, still much might be done with advantage, especially in 
the v\ay of condensing a good deal of the matter which is now printed in full. 
Th<‘ questum of the expense of publishing is also one which will require very eare- 
lul consideration*, as the publication of Proceedings (|nartei']y increases the total 
annua! cost of publication. 

When in Australia recently I noticed that there is also a movement there in 
the (liie^'tion of co-oidinating the serial publications taken by the various bodies, 
and that an efloit is being made to avoid the duplication of iiecessaiy and ex- 
pensive works in the t'ollection. The same nioeement is being initiated in AVel- 
lington, and the vaiious libraries in that city have agreed to a systematic and 
mutual co-opeiation in the procuring of magazines, and have agieed to render them 
available to all students under ceilain conditions. By this means a certain amount 
has betm set fiee for expenditure in magazines not hitherto taken. There are still 
several important seiial publications which are not taken by any branch of the 
Institute oi by any public library in New Zealand, and I think it would be within 
the piovime of the Institute to ascertain which of these are most mnessaiy and 
<lesiiablc, and to subscribe for them for the libiuiy of the Institute, where they 
w(juld Ivc at the service of students generally. I think also that it would bt' to (jur 
advantage to < iiculate within the yeai, if possible in the first part of the Proceed- 
ings. a full list i»f the periodicals leceived by the st>cieties, universities, parlia- 
menxiijy and pu]»lic libiaries. and that the list should indicate how* far the back 
\uluiiic*h aie available. I do not propose that in the list any of the regular publica- 
tions »»f learned societies, public institutions, and museums' should be included, but 
a sepal ate list might be published quarterly of these. It is true that all the univer- 
sities, t olleges, and public libraries have not hitherto been asked to agree to render 
theii serial publications available under certain conditions, but I feel sm-e that we 
.lie approacJiing a timt* when universities and public institutions will do more in 
this diveitum than they have done. In the Librarian's report the necessity is 
pointed out foi a Librarian w*ho can give some time to libiaiy w'ork and cata- 
loiiuing. I must not <miit to mention that the Hon. the Minister of Internal Affairs 
ctm«iented to the employment of a lady for library work For two months. Duiing 
that time lists were prepax*ed showing the completeness or othiuwise of the most 
valuable serial publications, and fiom these lists the missing paits can be ordered 
and puK ured if possible. 

A sum of money has been (*oIlect(*d and placed in the hands of the Institute 
foi the puipose of pioviding a memorial medal and prize in memoiy of the late 
S5i James Hector, who devoted many years of his life to the furtherance of 
the intei'eats of the Institute. This year, too, the Institute is bringing into opera- 
tion the niemurial fimd raised in honour of the late Captain ^Hutton, whose researches 
laid such a ^ood foundation in a number of braiu'hes of natural history. There is 
also an application for a grant from the fund in aid of research, which will be 
sabmitted for your consideration. 
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It is pleasing to me to be at the inceptjon of Ihest* funds and to have a small 
pait in the commencement of Iheh- work. Apart from worthily commemorating the 
fi lends whom we have lost and keeping their memoiy alive/ ther^ i& satisfaction 
in knowing that at last we have some funds (w’hich are, howevei, but small) w'hich 
may be devoted to the advancement of research and r)t assistance to those engaged 
in research. Although w'c cannot yet (‘ompaie with scientific institutions in othei 
countries, still W(‘ have a beginning, and in these matters an actual stait is a matter 
oi importance. With careful administration the results obtained frequently lead 
to the establishment of other funds, and matters then pi ogress much more easily. 
In Australia it is tti the mimifirence of private individuals that science has fellow- 
ships which may he awarded foi research work in connection with societies. The 
value of these tcdlowships is quite (•onsiderahlc, and they aie found to be useful 
and productive of good w’ork. 

\Ve have this yeai seen anothei well-equipped Antaictic expedition leave the.se 
shores under the command of Captain Scott. On behalf ut th- Institute, I wished 
Captain Scott success and a safe return. 

In Sydney at a recent meeting of the Australasian Association foi the Advance- 
ment of Science I had the pleasuie of attending an enthusiastic meeting of the 
(xencral Council, when a sum of £1,000 W’as voted fiom the funds of the associa- 
tion towai'ds puioly Australasian explorations, w^hich have been oiganized the 
purpose of antarctic research under the leadeiship of Dr. Maw son. Xew Zealand 
is not within the political bounds of the (Viinmunwealth of Australia, hut neveithe- 
less we must feel as a scientific body deep inteiest in any scientifii woik within 
the Antarcti<* aica, and I think perhaps moie (‘Specially in Di. Maw son's expedi- 
tion, as they intend exploring, if {mssible, a paiticular part of the southern con- 
tinent within which i.h(‘ meteorological obseivations that will he made w'ill be of 
the greatest possible interest to Mew Zealand and the shipping ot the surrounding 
waters. The (ommercial advantages w’hich are hoped for may or may not he 
lealized, but the seienlific data in meteorology will certainly be of interest and 
value. It IS therefore, I think, light and propei that at this our meeling we 
should send to Dr. Maw son our best wishes for his su(‘i‘(‘sr anil safe return of his 
expedition. 

M the Austialasian meeting several matters of interest to New Zealand weie 
dealt with, and seveial recommendations w’ere passed by the committee w’hich are 
of interest to scientists in New" Zealand, One of them relates to the desirability 
of the New" Zealand Government taking steps to arrange toi the description of 
the Now Zealand fossils collected by th<‘ N(*w Zealand geological surveys. This 
resolution also refers to a previous one which had been communicated to* the New 
Zealand CJovemmeut during the Dunedin meeting. It leco^nized that oeitain steps 
had been taken to prepare the mass of fossils for description, and hoped that the 
further and more important step w"ould be taken of ha\ing them pioperly described 
and published. 

It is w"ith considerable satisfaction that I notice that the Aniumls Piotection 
Act has been so altered by the last Parliament as to declaie all indigenous birds 
protected. This is a matter w’hich I have been advi^cating for some consideiable 
time as being the best way to cariy out piotective measiues. With this principle 
as u basis it is easy to exempt from protection for any time that is desirable, oi 
in any place, birds* which may be proved to be a real nuisance in rlestioying fish 
or injuring sheep. No doubt the steps taken by the Philosophical Institute of 
Oanteihury assisted in bringing about the present result. In other iHUintries where 
this principle has been adopted it lias been found to woik satisfactorily, and I 
have no doubt that eventually this principle will be adopted bv all countiies which 
find it necessaiy to have protective legislation on their statute-books. I interviewed 
members of the House on behalf of the Institute with a view to making represen- 
tations to ihc Govemment ns to leasing the Auckland Islands. It is true that we 
recognize with much pleasure the reservation of Adams Island us a samtuai’v for 
the native flora of that part, but the leasing of the main island must he regartled 
with regret in view of the small amount of revenue which is Ihevehy obtained. 
The Standing Committee considered the question of Ihomselves applying for the 
lease, but it was found that matters had gone too far. 

There is one subjcid that I should like, in this my last oppoitunity of address- 
ing you from the pi’esidential chair, to bring forward. Once eveiv y*‘ai we have 
a general meeting of the members of this Board. Owing to geographical consider- 
ations it is sometimes difficult to get a full meeting. Those W’ho do attend the^nieeting 
have to receive the annual repoi’t of the wrork that has been done by the Standing 
Committee, which is practically the executive of the Board. As a rule, it is best 
to have an executive consisting of a small nunilwr of the members, and I have no 
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fault lo find with this pait <jf arrangements, hid the work so far of the Board 
at its annual meeting, and of tlio executive at theij* more frequent meetings, is 
confined to matters relating lo the minor affairs of the Institute and its financial 
arrangements. At the general meeting the annual report and IIk* genei-al report 
and baknce-slicet are submitted, and if necessary then' is then an opportunity for 
discussion. Hithiu'to any time that tve have had at the general meetings has 
been devoied to the reading and criticizing and passing of these reports and the 
^lection of the olticers. It is true much has lietm done since the passing of the 
nevr Act in the mattei <jf initiating the new sysUmi (jf dealing with the affairs of 
the Institute, and that good work has been done in this direeiion, but T do not 
think we should consider W(^ have done hitheilo all that we should have done oi* 
that we ought to do at the anniml meeting of the (lo\('rnovs of this Institute. 
This Institute occupies a position which is likely to vetnain unique, inasmuch 
as it is and w'ill be, if propel ly administered, the solo scientific body in the Do- 
minion of Xew Zealand. Here I may again lendncl you that under the n«jw Act 
the various local societies which are w< rking now' in the thief ccntri's of New Zea- 
land are not, as aforetime, affiliated to the Institute, but they aic the Institute, 
though they may ha'se an independent existence: under the regulations they are 
the Institute. It seems to me, howevei, that at our annual meeting we should not 
meet expecting only to receive the rcpoits, make suggestions on them, pass the 
annual accounts, and confer prizes and medals, but that we .should look foiwvard 
to a time when the Board of Governors will he recognized as the i-entral authority 
for the ctj-ordination of official and private infjniiy into scientific matters in the 
Dominion of ]Spw Zealand. It is well known that in our gieat Empire of India 
the Gi-veininent constituted in 19t‘2 a Beard of Scientific Advice tor India, which 
originally consisted of the heads of the Metci.iological, Geological, Botanical, Forest. 
Survey, 'Agricultuial. and Teterinan- Departments. At the same time they inti- 
mated their intention to invite from time to time to serve upon it other scientific 
officers in the seiwice of the Imperial and Provincial (Governments W'hose special 
attainments might nmder their assistance desirable. The Board was declared to 
be a central authority for the co-ordination of official inquiry, its object being to 
insure that the w’ork' of research is distributed to the b»'8t advantage, that each 
investigator confines his researches to the subject w’ith wdiich he is most capable 
of deaUng, and that energy is not dissipated by the useless duplication of inquiries 
or misdirected by a lack Of inter-departmental co-operation. It was also hoped 
that W’hile the claims of abstract science w'ould continue to be recognized in the 
w'ork of the scientific departments, the Board’s advice would aid the Government 
of India in prosecuting practii*nl research into those questions of economic or 
applied science on the solution of which the prrjgressive prosperity of the country, 
especially as regards its agricultural and industrial devidopment, so largely depends. 
The l^ard advises generally upon the operations of the departments,' witn due 
attention to the economic side of their work, and serves as a reference on all matters 
connected wuth the organization of scientific inquiry in India. It annually dis- 
cusses the proposals of each departmental head in regard to the programme of 
investigation in his department, and in cases where intei -departmental co-operation 
is necessary it advises as to the lines on which mutual assistance should be given 
and the department to which the inquiry should primarily appertain. It submits 
annually to the CTOvemment a general programme of research, embodying the pro- 
posals of the departmental heads in so far as its subjects are to be exclusively dealt 
with in one department, and its own proposals in cases whore two or more depaii- 
ments are to co-operate, and at the end of the year it presents a brief review of 
the results obtained during the year in all lines of scientific investigation controlled 
by its members. 

Although I do not consider that this ov any other similar scheme could be 
adopted in fofo, yet I hold that the principle is a good one, Hitherto in matters 
of scientific research, public and private, rre have been largely oppoi’tunists, possibly 
by force of circumstances ; but I do not think it would require much argument to 
t*onvince you that co-operation and scientific organization of the various biwnches 
of research which are so largely interdependent on each otW would be desirable 
and economical, and that it would be a great advantage to arrange such investiga- 
tion on lines by which mutual assistance could be gn^en. Take the univeraitSs, 
for instance : for some time past research has been carried on, notwithstanding 
disabilities of various kinds — such as want of necessary literature and other dis- 
abilities — in the biological laboratories of the University Colleges ; a number of papers 
showing a considerable amount of hard work have been produced, and many of them 
printed in our Transactions. It would seem that more scientific good would result 
from intelligent co-operation in the choice of subjects for investigation, also in 
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private ^vtlrk, but an dnnual tonferem-e of vorkei.s would stimulate lesearch and 
<*ventually its methods nnd aims. I'he geographical difficulties to which I befon* 
alluded to, which keep us sepai'ated by wide iuteivals during the year, are in one 
respect advantagi‘ous, as they givt‘ opportunities tor detailed study over areas ol 
the Dominion which varjr iimcii in their natural-history productions. By the Act 
()l incorporation w'e aic given a gieat opportunity, and we should see lo it that wc 
lucak new' ground well in the I'oretiont of «>ur tniward tiack. 

The body of res'^arch w’oik done is much laigei than those Linacquainted witii 
ii might suppose, and mu<*h of it is of extellent tpialiu within certain narrow 
limits. Those limits aie in pait inevitable and in part justifiable. So far there 
has 1)01 n little endow'iiionl of lesearch, and ntaily all the work i** done in a neces- 
sarily sciiippy fashion by men in piofcssional (‘mploymeni. The man who can give 
his life for an idea is unknown among u«. and, following the line of least resisl- 
\\v are apt to do the work neaie.st us with no eagh‘ t'V" on ultimate issues 
Once W’c aie made lo feel the influence ot science, not merely im the accelerating 
pi ogress of the Statt‘. ))ut on the world of ideas, i/f iiioials. and of emotion, we 
may expect endow'ineut to Ite nuuh moie frcqiumt than it has been in the past. 
Men c‘ould he found to de the work if the opportunity w’as jnesciit. I’ndoubtedly 
thi‘ best plan is to provide leseaiidi scholarships for young graduates, tenable foi 
shoit terms : fiom them in time will come the bum investigator — the one in a 
ihousand— who shonhl be pcriiuiiumtly kept at work by piivnte endowment nv }»y 
‘lie Stale. 
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AUCKLAND INSTITUTE. 


Eighth Meetincj : J2n(/ Xoir/nher, 1910. 

Air. E. Y. Alillur, Tice-President, in tla* chair. 

Paperti. — 1 . Alaori Rock-ciignivings in rht? Kaiparn District," bv 

11. Buddie. 

2. “ Alaori Methods of Shark-fishiug and Pigeon-snaring Fifty Years 
ago/’ by K. H. Matthews. 

3. '“Descriptions of Ne^^ (lenera and Species of Co/eopfera/' by 
Major T. Broun. 

4. “Additions to the Coleojiterous Fauna of the Chatham Islands," 
by Major T. Broun. 

o. Descriptions of XeT\ Xative Plianerogams," by D. Petrie, M.A. 

6. “ Contributions to a Knowle<ltie of the Xew Zealand Flora : Xo, 4," 
by T. F. Cheesenian, F.L.S. 

7. " On soiiie Recently Discovered Additions to the XYw Zealand 
Flora," by T. F. Clu‘eseinau, F.L.S. 

“On the Flora of the Alaimonui County," by H. (’arse. 

9. “ The Economic As-pect of the Sui»ar-bt‘t't Industr\ in Xe\\ Zea- 
land," by S, (4ray. 

The last paper called hath a lengthy discussion, in which the Chairman, Air. 
Bagnall, Air, H. B. Aloiton, All. J. A.* Pond, Professor Segar, and others took 
part. Alost of the speakers supported the contention of the author, which was to 
the effect that it would be an economic mistake for the Dominion to embaik in the 
production of beet-root sugar, which was an industiy hardly likely to succeed 
against the competition of cane-sugar, unless a bonus w'as granted, or unless import 
duties were levied on cane-sugar. 


XiXTH AIbetixg : 0th February, 1911. 

Dr. R, Briffault, Prcsi<leut, iu the chair. 

Lecture. — Pi'ofessor E. W. Skoats, D.Sc., F.O.S., Professor of Gco- 
logt'" and Mining iu the riiiversity of Melbourne, delivered a lecture, 
illustrated with liiiie-livrht traiispareneies, ou the “ Relation of Scenery 
to Geology." 

The lecture was an attempt to show how tai the sceneiy of any <‘ountry was 
dependent on its geological stiuctuie and previous geological history. 


Annual AIbetixg : 17th Febnwry, 1911. 

Dr. R. Briffault, President, in the chair. 

Annaat Report . — The uiiuuai report and audited financial statement 
were read to the meeting, and ordered to be printed and circulated 
amongst the members. 

Rbpoet op the Council. 

As provided for by the constitution »»f the society, the Council have now to 
present to the members their forty-third annual report on the financial and general 
condition of the Institute, and the progress it hfis made during the year. 
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Membeix . — It is satisfactory to announce that tbiity-two new membeis have 
been elected since the date of the last annual meeting — a number considerably above 
the average. On the other hand, fourteen names have been removed from the roll 
— ^thi'ee from death, seven from resignation, and foui from non-payment of sub- 
sciiption for moie than two consecutive yeais. Theie is thus a net increase ot 
eighteen, the total number on the loll at the present time being 204, of whom 
twelve are life members and 192 annual subsciibers. The Council trust that the 
increase in the membership will be maintained in coming years. They w’ould point 
out that the chief aim of the Institute — ^the maintenance of a free public museum, 
for the instruction and recieation of the people of Auckland— -is one which appeals 
to all classes and which should command a liberal amount ot suppoit. 

Fimni'i\—ThQ detailed balance-sheets will make the financial position of the 
Institute intelligible to all who inspect them, but it may he useful to give a brief 
synopsis here. The total le venue credited to the Working Account, excluding the 
balance in hand at the commencement of the year, has been 4:1,170 11s. Last year 
the amount was 4:1,193 Os. 9d., so that there has been a decrease of 4:24 9s.* 9d. 
Examining the chiet heads of the balance-sheet, it will be seen that the receipts 
from thp. invested funds ol the L'ostley Bequest have been 4:402 18s. 8d.j, as against 
4:388 los. for the pivvious year. The Museum Endov^ment has yielded 4:424 15s. 2d., 
the amount for 1909 -10 being 4:302 8s But the amounts for that period have swollen 
through the payment of some an ears of rent and interest which should have been 
Cl edited during the previous twelve months. The members' subscriptions have 
realized £191 2s., showing an increase of 4:17 17s. The total expenditure has been 
largei than usual, amounting to 4;T,283 9s., as against 4:1,209 11s. 8d. for 1909-10. 
The increase is principally due to three items — the enlarged expenditure over the 
library caused by the publication of the libraiy catalogue (presently to be refenvd 
to), the cost ol certain show-cases indispensably required in the Museum, and some 
unavoidable lepc'irs to the roof and other portions of the building. The balance in 
hmd at the present time amounts to £144 Is. lUh There are no changes of im- 
poitante respecting the invested funds of the Institute, the total amount of which. 
£16,379 4s. 3d., only very slightly exceeds that announced last year. 

— Nine meetings have been held during thi* yeai, it which the follow- 
ing lectures or papers were read : — 

1. “ Halley’s Comet,” by Piofessor H. W. Segar. 

2. Presidential address, ” The Nature of Life,” 1^ Di. 11. BriftauU 

8, “Ferro-concrete Structures,” by S. E. Lamb. B.Sc. 

4. “Wireless Telephony,” by A. Wyllie, M.I.C.E. 

3. •• The Ultra-microscope and what it reveals/’ by E. V. Miller. 

6. “The Effects of the Disappearance of the New Zealand Bush," by Airh- 
deacon Walsh. 

7. Huxley : a Criticism and an Appreciation,” by the llev. 1). D. Scott. 

8. “ The Eelation of Sceneiw to Geology,” by Professor E. W. Skeats, D.Sc. 

Also nine papei*a on various scientific subjects (see prot codings of Eighth Meet- 
ing mipro. p. 78). 

Most of the above papers have been forwarded to ^he New’ Zealand Institute, 
with the view of publication in the next v'olumo of Transactions. Volume xlii 
of the Transactions, containing the papers read before the incorporated societies 
during the year 1909, has been issued and distributed among the members. 

In last year’s report the Council hinted that it would probably be necessary 
to make temporary arraimements for holding the meetings outside the Museum 
buildings in the future. The selection of a hml was by no means an easy task, but 
after full consideration it was decided to engage St. Andrew’s Hall, in Symonds 
Street, for the purpose. On the whole, the choice has proved satisfactuiy, although 
it is much to be regretted that w’ant of space should prevent the meetings^ from 
being held within the Institute’s owm buildings. The Council trust that this end 
may be achieved at no distant date. 

MU'^einn . — ^^'ith the exception of a few days lequiied for cleaning and re- 
al rangeinent, the Museum has been open to the public daily throughout the yeai. 
The horns of admission have been, as in former years, from lt> a.m. to 3 p.m. on 
week-da vs, and from 2 p.m. to o p.m. on Sundays. The register kept by the janitor 
on Sundays show^s that 17,311 visitors entered the building on that day, being an 
average of 333 for each Sunday. The greatest attendance was 599 on 31st July ; 
the smallest, 65 on 8th May. On the seven chief holidays of the year the number 
ot visitoi’s was 2,993, or an average of 427. The number of visitors on ordinary 
week-days is certainly not less than 180, which would make a total of 55.080, 
Adding to this number the attendance on Sundays and holidays, wo have 75,384 
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as the approxiiiiale total niiniber (jf visitors during the whole year. This is only 
very slightly under the estimated attendance for the previous year, which was 75,957. 

The progress made by the Mii.>eum during the year must be considered as satis- 
factoiy. Many important additions have been leeeived, and most of these have been 
placed on exhibition. Much time and lab(mi have been devottd to the task of 
preparing and mounting the specimens intended for public vie\^ : and through th#* 
efforts of Mr. Griffin, 'who has charge of this branch (d' the society’s work, the 

g eneral appearance of the colleclUms, and their value for educational purposes, ha\e 
een much enlianced. 

In last year’s report it was stated that a commencement had been made in 
the formation of a collection of Xew Zealand food-fishes. This object has been 
kept steadily in view, and, in ordei* to obtain material, special expeditions have been 
made to the Bay of Islands, the Great Barrie i* Island, and to various parts of the 
Hauraki Gulf. Altogether sixty-eight specimens have been carefully mounted and 
painted from life, and it is intended to materially extend the collection during the 
coming autumn Another novel addition consists in the preparation of a seines oi 
gelatine casts of the tuatara lizard and other 2^ew Zealand Reptilia. Among othei 
work performed during the year may be mention'd the complete rearrangement oi 
the collection of New Zealand birds, and the addition thereto v»f several h’cshh 
picpared specimens. 

Other noteworthy additions are as tollous : A fine specimen of the rare fluast's 
ki^i, obtained through the good offites cf the Tourist Department; a very fair ex 
iimple of the white crane, now nearly extinct in Xew Zealand, purchased from Mr 
W. Townson ; a specimen of tda fus ‘U, shot at the Bay of Islands ; and an example 
of the widely spread water-snake ,Hydru^ plafuruft, stianded on the ocean-beach 
west 01 Hclensville. I’hia last specimen ivine ashore alive, and was promptly for- 
waided to the Museum hv the finder. Mr. E. Smith. Mentivm must also be made ot 
three fine specimen^ of the robbei-<.rab lairo). obtained on Caroline Island, 

north of Tah'ti, and pie.sentod by Mr. .1. I.. Young, n’hese ha\e been mounted st 
as to show the liee-<*liiubmg habits of the .species, a peiiiliarity hardly known in 
other forms of the f Vax/uceu. 

Another important addition consists of a large and varied collection of butter- 
flies, presented by ^Ir. H. Dobbie. The greater portion of the collection was 
formed by Mr. Dobbie during a lengthened visit made to tropical South Africa a 
few years ago ; umither pa«*t vousibts of species forwarded by the British Museum 
to mV. Dobbie in exchange for specimens from South Africa. To these have been 
added a consideiable number of species obtained by the Museum from v'arious 
sources during the last eight or ten years, including species from China, Indo- 
Malaya, Xew Guinea, &c. It should be mentioned that the show-ease in which the 
collection is displayed has bi*en presented to the Museum by the subscriptions ol 
several Aucklaui! gvntlemcn. 

A considerable numbei <if iinp!*uvt'iaenti> have been made in the arrungenicnl of 
the Maori rollections. -\mong tin* objeits which have been altogether rearranged 
iUJ those which cuii l»v <h‘«cribcil as hshiug-materials, such us fish-hooks, fishing 
lines, fishing-', eights, nets, niuesel-dicdgt*s, ecl-baskets, &c. The collection of 
canoe-baleis has lieeii icnmunled. as also a .;ood .series ♦>f bird-snaves, &c. .VinouL 
the new additions the ftiH *wiiig lUay be particulaiized : A large rivor-caiioe, ob 
tamed by pui’chase in the Tapper Tluim »s »Iistrict : two canoe-mciiiorials from tl'< 
Lower Waikato; a sei'ies of caivings in pumice-stone found near the north end »)i 
Lake Rotoehu, presented by Mr. V. J. Blake ; two remarkable carvings in pumice, 
presented by Ah. W. J. Benner and Mr. J. Griffin respectively; a largo and highly 
polished btone ax>* found near Xgaruawahia. forwarded by Mr. H. Tarver; an 
elaborately carved step of a hn or spade, some wooden flax-beaters, a carved fork, 
and various other articles presented by Mr. O. Graham; a veiw interesting series of 
seventeen articles in gtvensicme. ordinaiw stone, and bone, purchased from Mr. W. 
Townson. 

In foieign ethnology by far the nnist vt.luable addition is a series of over fi\c 
hundred artivdes from Japan, including a fetv from China, deposited by Mr. H. S. 
Drdley, Tlie collection includes many fine bronzes, swords, daggers, and other 
articles in metal; numerous carvings in wood and ivory; many varied specimens 
ot pottery, porcela«n. and cloisonne; specimens of lacquer- work ; of silks em- 
broidered w'iih gold and silver ; and other articles too numerous to mention. This 
collection is the result t)f Mr. Dudley's pei’sonal efforts during three visits l«) 
Japan, and the specimens have Iwcn carefully and judiciously selected. The 
Museum tvas .so putuly supplied with ethnographical material from China and 
Japan that Mr. Dudley's deposit was a most welcome addition, and its presence in 
the Museum has attracted great numbers of visitors. 



Aiickhmd Instiinid. 


81 


Libiaiy . — The Mackelvie Lila ary Bciiuest ha.s jaelded its usual levenuc duiini; 
flio year, and this, in compliance with the tciins of the bequest, has been expended 
solely in the purchase of books. T\m» i‘onsiG,iiments have been obtained fr«>m 
London, numbering about 1‘25 \olunK‘s. In addithm to the purchase of books, a 
large expouditiire has been incurred in binding scientific journals, pul dications of 
societies, &c., about eighty-five volumes having been added to the library from 
that source aioiU‘. The usual pi'csentations and exchanges have been received from 
foreign societies, in addition to seveial d(»nations from private individuals. 

In last year's report it was seated that the Council liad decided to proceed 
with the preparation of a printed (atalogiie of the lil»rar\. The woi*k has been 
coiiipletcd during the year, and copies of the tatalogue can now be obtained from the 
Secretary at the price of os. (*ach. ^ The usefulness of the catalogue cannot be ques- 
tioned, but so far the sale of copies has hardly e(jualJcrl the anticipations of the 
Council. It should be mentioned that purchasers of the catalogue will be supplied 
each year with a printed list of additions to the libraiy. 

In concluding the report, tin I'onncil have (mce moic to thank the members 
.lor the *issistance tliey have given in furthering the objects of the society. They 
liave also to express their gratification at the countenam*e and sjunpathy evinced 
by the general public, and particularly at the incieasing number of donations to the 
Museum forwarded by country residents. In many respects the steady progress of 
the Institute and Museum is a matter fov < ongralidatiou. It is tiue that the 
slender means available will not permit of rapid or startling advances, but the 
Council can fairly claim that in cariying out the work of maintaining a free public 
Museum and scientific library they are discharging a duty of no small importance, 
and one which entitles them to the sympathetic assistance of the whole community. 

tUcciion of Ojfiixr^ fov 1011. — l*v<mlent — J. H. (Iptoii; Vice-Prei^i- 
(Unfi^ — Dr. R. Hriffaiilt, Professor (\ W. E^^ertoii ; Council — L, J. Baj^- 
uall. Professor F. D. Brown, E. V. Miller, T. Peacock, J. Reid, Dr. 
E. Roberton, Professor H. W, Segar, J. Stowarl, Professor A. P. 
Tliomas; Tvmtief^ — Professor ¥. I>. Brown, T. Peacock, J. Reid. J. 
Stewart, J. H. Upton; Sccretarjf and ('uvufov — T. F. Cbecseiuan ; 
Auditor — S. Gray. 

On the motion of 'Mr. T, Peacock, a spi‘cial vote of thanks was passed 
to the retiring auditor, Mr. W. Gorrie, wlio had acted in that capacity 
for eighteen years. 

A vote of thanks to the retiring President, Dr. R. Briffault, was 
also passed, also to Mr. T. F. Cheesemau. with eoiigratnlations ou his 
election as President of tlic New Zealand Institute. 
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WELLINGTON PHILOSOPHICAL SOCIETY. 


Six'iH (AxxTAii (Ibnbral) Mbetixg* : 6th Ovtoh(‘i\ 1910. 

Mr. A. Hamilton, Prosi<leiit, in tlu* chair. 

The anuuiil general mcetiiij; Avas held in the Dominion Museum ; Mr. 
A. Hamilton, Prt‘sidcnT, was in ilie chair, and about forty members and 
fiieiids were pre.sent. 

yew -Memhvr^.—yix. H. It. Tolley, Mr. J. Thomson, B.E., M .Inst.C.E., 
Mr. R. W. Holmes, M. Inst.C.E., Mr. H. Sladdon, Miss J. A. Wilson, 
Uev, Dr. Kennedy, F.R.A.S., Mr. D. McKc*nzu‘, Mr. II. Oram, M.A., 
LL.B., Mr. F. m! Renner, M.A., Mr. P. Levi, M.A., Dr. J. M. Mason, 
Mr. H. H. Tombs, Mr, J. B. Uolwrtson, Mr. J. Maehtmzit'. 

The Coiincir.s report for tlie session, and a statement of tlie reeei])ts 
and expenditure, were read, and, on the nudion of Mr. Thomas Kin^, 
secoiitled by Mr, P. (r. .Morgan, l)oth were duly adopted. 'Phe r<‘])ort 
was as follows : — 

Annual Pepokt. 

The .session opened on the 4th May with an inauguial address hy the Piesident, 
.Mr, A. Hamilton, in which he lefcried to the w’ork done in opening up the Tara- 
iiias for investigation l>y naturalists, and urged the establishment ot a mountain 
ohservatoiy on Mount Hectoi. 

During the session no less tluin twenty-nine panels havi* been read, and a num- 
ber of interesting exhibits have been laid on the table. 

In addition to the six ordinary meetings three special nieeling.s ha\e been held. 
At the first one Professor Bickeiion, of Christchurch, delivered a lecture on the 
astronomical impoi*tan<-e of the theory of the thiid body"' ; at the second one Mr. 
T, Buckley. Chief Electrician of the Ttdegiaph Department, delivered a Ie(‘ture on 
wiieless telegraphy, illustrated ]»y a number of experiments; while the third special 
meeting w’a.s held to constitute the Astionoiiiical Settion. 

A featuie ot the .st*ssi<m has been the establishment of the Astionomical Section 
of the society, formed foi the promotion of the study of Hstniiiomical subjeets 
generally and the establishment of an obsevvabn’N in or* abimt Wellington. 

The s<M‘tion has alieady held one meeting, when Di. Ki*nnedy, F.R.A.S., di‘- 
livered a le('ture on astronomy, illustidted by a series of lantei'n-slides. in the 
Concert (‘hamber ot the Town Hall, the use of whi<h was kindly granted by the 
(*ity Council. 

The jijint-liln’ary stheiiie Ini', been advan<‘etl anothei step by tbe Council allow- 
ing Victoria (’ollege students and othei interested peisons the piivilege of consult- 
ing l)ooks in the libiaiy under suiiuble i(*giilations. 

(*aptain Scott’s expedition to the Antarctii : As this ••xpe<htion will furnish 
an excellent oppoitunitv of obtaining tidal lecoids a* the Antarctic, the Council 
wailed on the Ministei of Marine and pioposed that the (iovmnment .should autho- 
lizt the so iety to expend a sum not exceeding £-0 on pni chasing an automatic 
tidc-gange to be placed in Captain Sc*»tt's care. The suggested gauge would be 
similar to, though smaller than, the Wellington tide-gauge. The obseivations 
would he of great use to the recently established Tidal Survey oi the Dominion. 
The Minister, w’hile recognizing the givat value of these observations, eonsideied 
it highly piobahle that Captain Scott is already provided with u suitable tide-gauge, 
hut if he is not so equipped, the Oovernnient will be prepared to supply the neees- 
saiy instrument if Captain ^’ott will imdertake the work and fiiniish the (Jovein- 
nient Avith a A*o]>y of his ohsevvations. 

* At a subsequent meetins; of the Council the sum of £10 was voted to the Biekerton Fond for the 
purpose of enabling tbt^ Professor*) astronumfcAl theory to be put before the Astronomlral Societies for 
The Uoundl, however, do not ilesire to expresa any opinion on the theor>% but wish him 
every eueefes in hh efforts to obtain a fuU hearing for It. 
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The important subject ol tidal observ*itions at the outlyin'' islands has also 
leceived consideiation, and the Council is n<»\\ endeavouiing to obtain the service." 
ol an observer at the Chatham Islands. 

Since the last annual meeting twenty-two new rnembeis ha\e been elected, thiee 
ha\e lesigned, tw’o have died, and one has been struck off the roll ioi non-payment ot 
subscription. The tf)tal nunibei on the loll is now 132, including five life niembers 
and one honoraiy ineinbei. 

A statement ot the receipts and expendituie for the yeai ended oOth Septembei, 
duly audited, shows that, inclusive of the balance bioiight toiward trom last year 
9s. 6d.), the receipts aiuoimted to £163 8s. 2d., and the total expenditure ‘was 
£108 Os. 9d., leaving a credit balance of £5.) 7s. od. The Uesearch Fund, on fixed 
deposit With the Bank of New Zealand, now amounts to £48 Is. 4d.. making a total 
sum in hand of £103 8s. 9d. 

Alttraiion o/ — hi accorilaiicc W'itli Bulc Xo. 2G, the re'solution 

of the Council of 27tli July, 1910, to rescind the following paragrajdi at 
the end of Rule Xo. was subniitted for contirniation : — “Resolution 
for by-law, adoi^ted l>y the society 7th April, 1868 : That one-sixth 
part of the annual income of the society be contributed towarils the 
extension ainl maiiitenauce of the museum and library <vf the Xew Zea- 
land Institute.” On the motion of Mr. Thomas King, seconded by 
Mr. P. (t. Morgan, the Council’s resolution was coufirnied. 

— 1. “The Post-Tertiary Geological Histoiy of tlie Ohau 
River and of tlic Adjacent Coastal Plain,” hy G. Leslie Adkin. 

2. “The Igneous Rocks of the Waihi Goldljehl,” by Percy G. Mor- 
gan, M.A. 

3. “A Note on the Structure of the Southern Alps,” ]>y Percy G. 
Morgan, M.A. 

■i. “ Xotes on Actinians from tlie Kermadccs,” ])V F. (L A. Stucke\, 
M.A. 

T). “ Xotes on Tunicates from the Kci'Jiiatlecs,” bv F. G. A. Stuckev, 
M.A. 

6. “.The First Xoted Occurrence of Pentathionic Acid in Mineral 
Waters,’’ by Dr. J. S. Maclaurin. 

7. “ The Harmonic Analysis of Tidal Observations,” bN V. K. Adams. 
M.Sc., F.R.A.S. 

*1b.STR \(’T. 

Tht‘ paper gives a complete example of Dr. Borgen’s method" of hamionic 
analysis of tidal observations. The observations submitted to analysis are those 
given in the Oreat Trigonometrical Survey of India, Vol. xvi, and are hourly ob- 
seivations for Bombay for the yeai* 1884. ^he hourly obsei vat ions wei*e first 
summed continuously throughout the year, and w-ere cut down to one decimal of 
a foot and written out in a list t)f sums, as under : — 


H. 

D\^ 0 

(» 155 

1 .. 322 

2 . 488 


36*7 ’ 43697 

368 ... 43834 


H. 

H, 

1 

*2 

130 

i\ 

284 

213 

454 

mo 

43809 

4108] 

48194 

41160 


u. H. 

22 23 

142 161 

260 308 

349 429 


40413 42764 

40544 42896 


The figures in the list are given in tenths of a foot. The method consists^ m 
selecting from the list the particular days that wrill give the beat \’alues of the tide 
sought, at the same time eliminating the effect of the S. tides and reducing the 
effect of the other tides as much, as possible. 


♦ r*‘her ehii‘ neue Metliode, die banuunlbclieu Kons^tanteii dK Gotten ^uleitei^Yon Adii^ 
tatarsth Pi of. Br. Aimaleii der Hj'drouraphie nud Xfontinien MetPoioioBit*, Jum, Jiiu, 

Aujpust, 2894. 
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Exaiaple tot tide : — 

ll the lines are used iioin the list 

(180 - 97 ) ; 1 % - 8 ) 

— lA., equal intervals oi bb dayjs— then the S. tides aie completely oIiimnat(‘d, and 
the maximum \aliu‘ is obtained toi the IC2 tide. 

If the rollovinj; lines au* used <\\hen the observation'! e.vtend over a year), a 
further value is obtained : — 

(302 - *274) : (273 - 185b 

Tile selection ul these lines and the suin'* from the list is shown in detail 
on the schedule, ^ivin^ the 24 values ot D/, which are subiei Led to analysis. 
St and Sg/i +t are next foimed, and then A^. The calculation of the values of 
? *» 

Fk' = 2 : At sin (9 H- f) fk and Gk' = - At cos (9 + Zk ia moht readily done on the 

O O 

calculating-machine. The coriections due to the tides M 2 , N, L, V. T, and H are 
calculated and applied to F and G. The rest of the i‘alculation is shown on the 
schedule, where comparisons with the results in Vol. xvi of the Indian Survey 
(p. 296) are also given, the different «‘s in the values 0 + k and Q being 4*74 5° and 
0-0020 ft. 

Reference must be made to Dr. Borgen’s pajper for details of the method. The 
whole of the calculation is. however, given in ruJl, and the brevity of the method 
will be appreciated by those who have had experience in the analysis of tidal 
observations. 

For the other tides moie lines from the list of sums are used ; but even then 
the labour ol analysing a year’s observations is estimated by Dr. Borgen to be 
about a tenth of the labour of the method proposed by Sir W. Thomson and Mr. 
Roberts, and to be about a third or a half ot that of Daiwin’s abacus. 

8. “ The Time-control of the Wellington Tirle-gaiige/’ by C. E. 
Adams, M.Sc., F.B.A.S. 

ABSmACT. 

Owing to the situation of the Wellington tide-gauge* in one oL the cargo-sheds 
on the wharf, it was considered desirable to have an independent control of the 
time, for owing to the vibrations of the shed the gauge-clock’s rate has been found 
to vary irreguEirly, and the clock has occasionally been stopped by the vibrations. 
A time-control has been attached to the pencil-carriage, carrymg a small plnnger 
in circuit with the Observatoiy clock, and by means of this plunger a mark is made 
on the record-paper every mean solar hour.' The distance between the pencil and 
the plunger is 1*14 in,, the line joining them being always at right angles to the 
axis of the cylinder. It is found that the tide-gauge clock runs regularly while 
undisturbed bv cargo-shifting, but that at other times its rate is affected by tht* 
vibrations of the shed. 

9. ‘‘ Further Coiitributious to the Chemistry of the Flora fif New 
Zealand," by Professor Easterliefd. 

10. “ Notes on the Ltjiidopfera added to the Collection in the Do- 
minion .Museum during the Sea.sou 1909-1 Ih" by H. Hamilton, A.O.S.M. 

11. ‘‘ Some Recent Discoveries Moa-boues,’’ liy A. Hamilton, F.L.S. 

12. ” Note^ Oh Some Straiu^e and Rare Fishes," bv A. Hamilton, 
F.L.S. 

1-3. “ Si>onges from the Kerniadecs," by Professor Kirk. 

14. “ Chemistry and Toxicoloev of New Zealand Plants," bv B. C. 
Aston, F.C.S. ' 

13. “ List of Indigenous Phaiier<»gamie Plants of the Wellington Pro- 
vince,'' by B. C. Aston, F.C.S. 

16. “A Further Botanical Exploration of the Tararuas,’' by B. C. 
Aston, F.C.S. 

17, ’* Note^ and Descrijitions of New Zealand Lepidopfera,^' bv E. 
Meyrick, B.A., F.R.S., F.Z.S. 


♦Traps. S.Z. lr»st., Vol v*!, i*. 41*7. 
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Kthibif^. — Mr. Plnllips Turnei oxliibitcd n civ'^teil Polffpodif/m Cu^,- 
tn/Kjhami, a very iDtcrestiii^ .si)ecimen of rare ix-eurreiiot*. 

Tlie President exhibited a iminbcT <if t*aM‘s of foivign huttei-Hies from 
t]ic museum collootioii. 

A'^troiiomtcal Sfrtioa.— Tln} President of the Astroiioniical Sectioi . 
Mr. C. P. Powles, annouiiood that the funds in hand amounted to £34. 
being the proceeds of the Hov. Dr. Kennedy's leeUire and private dona- 
tion's; and that the first meeting of tlie section vill la* lield on llto 
October. 

Election of Officers for Wll. — The following ofiieers were elected ho* 
1911: Preudeni — Mr. (4. V. Hudson, ; V ice-Prt^idi nt'i — Mr. 

Thomas King, F.E.A.S., Dr. C. Mnnro Hector; Pouucil — Mr. ^Martin 
Chapman, K.C., Profes*«or H. B. Kirk. Mr. V, Tt. A. Stuckey, M.A., 
Professor D. K. Pickeu, Rev. Dr. Kennedy, F.R.A.S.. Professor T. IT. 
Easterfield, Mr. A. Hamilton. F.L.S. ; Seen f fin/ and Trt assurer — Mr. 
C. E. Adams, M.So., F.R.A.S. ; JAhrarim — Miss J. A. ’WiKon ; Audilai 
—Mr, E. E. Dymock. A.T.A.X.Z. 


ASTRONOMICAL SECTION. 

Mi3jkiin(t, Auol>t, 1911). 

J)j . C. Munro Hector in the chair. 

The section was formed wdth the following ol)jects : To promote tlie 
‘-tudt of astronomical subjects generally, and to secui‘e the establish- 
ment of an observatory in or near Wellington. 

The following ofiicors were electc<l: President ahd Treasurer — Mr 
C. P. Powles; CouiicH^Mr, C. E. Adams, M.Sc., F.R.A.S., Dr. 0. 
Munro Hector, Rev. Dr. Eeiiiicdy, F.R.A.S., Professor Pieken, Mr. <1. 
llotrhen, M.A. ; Hon. Secretary — ^Alr. A. C. <Ti&ord. ]M.A. . 

A fund in aid of tlw* propo.sed obs<*rvatory w'as opened by su])scription. 

.Mketix»{, ^9tii September, 1910. 

Mr. J. P. Firth in the chair. 

Tiie Rev, Dr. Kenuf<Iy, F.R.A.S., gave an illustrated pojmlar lecture 
on astronomy, in aid <»f the Olwervatory Fund, ii‘ the Concert Chamber 
of tli(* T(ovn Hall, which was uranted free by the City Council. 

Meeting, 11th October, 1910. 

Mr. i\ P. Powdes, President, in the chair. 

The rules of the section, which had been drawn up by tlie Council, 
we)*e read and confirmed. 

Mr. C. P. Powles then gave his presi<h*iilial address on agronomy, 
wiii(‘li w’UK illiistraied with a fine collection of lantern -slides. 
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PHILOSOPHICAL INSTITUTE OP CANTERBUEY. 


Eighth Meeting : 2nfl yovemher, 19W. 

Present: Mr. R. M. Lainji:, President, in tlie eliair, and sixty otl^‘r^. 

yew Members. — Messrs, A. U. Marshall, N. 0. Staveley, G. W. 
Bishop, and M. H. Godby. 

Captain Scott, of the British Antarctic Expedition, wrote acknow- 
ledging with thanks the ofEer of the Institute to place its library at the 
disposal of the officers of the Terra Nova.'' 

Animals Protection Act . — A copy of tin* Animals Protection Act as 
amended by the Legislative Council was received from Colonel Heaton 
Rhodes, M.P. funeral approval of the Act in its present form was 
expressed by the meeting, and a hearty vote of thanks was accor<led to 
Colonel Rhodes for his energetic support <»i th<* proposals submitted to 
the Government by the Institute. 

Papem. — 1. “Classification of British Poetry: the Verse-unit," by 
Johannes C. Andersen. 

This is the second paper dealing with the analysis of the rmits that foim the 
metrical scheme of poetry. The former paper analysed the “foot*’ or “stvess- 
nnif'; the present paper analyses the ‘Uine” or “verse-unit.” The lyric line 
only is dealt with; the heroic and blank verse must be the subject of separate 
analysis. It is shovTi that the lyric verse (the two lines as ordinarily printed) is 
normally a verse of eight stress-units, with vaiying number of syllables. The 
ordinary ballad verse of seven stress-units still obsoiveb the eighth in its end-pause ; 
the Alexandrine and Nibelungen metres of six stress-units observe mid and end 
pauses. Upon these four main types is built the whole body of lyiic poetiy. The 
paper show’s how ceitain constant variations may be taken as the*^ forms for classi- 
fying poetiy. 

2. “ Further Notes on New Zcalainl Bird-soug," by Johannes C. 
Andertsen. 

This is a continuation (jI a pievious paper, and it contains all the new notes 
oi songs, or variations of the same, whi«*h have been recorded since the last papei 
was printed. 

3. “ Tile Rate of Oxidation of Acetaldehyde to Acetic Aci<l," by 
D. B. Macle<*d. 

4. “ The Conductivity of Aqueous Solutions of Carbou-<lioxide pre- 
pare<l under Pressurch of from One to Thirty Atmospheres, by (\ M. 
Stubbs ; communicated by Dr. W. P. Evans. 

3- “ Tile Depression of the Freezing-point by Carbon-dioxide," by 
F D. Farrow. 

6. “ The Velocity of Evolutnm of Oxygen from Bleaching Powder 
Solutions in Preisence of Small Quantities of Cobalt Nitrate," bv N. M, 
BelL 

7. “ The Chemical Composition of Meat -extract," by A. M. Wright. 

8. “On certain Changes in the Composition of the Nitrogenous Con- 
stituents of Meat-extract,*’ by A. M. Wright. 
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Annual Meeting ; 7/7* December^ 1010. 

Present : Mr. R. M. Lainfi, Presitleiit, in the chair, aii<l fort}’ others. 
Xew ’Member. — Mr. J. D. Hall. 

Annual Report. — The annual rei>ort us Mibniittc'<l by the Council 
was unanimously adopted. 

Abstract. 

The condition of the Institute continues to be still most satisfactory both as 
regards the number of members and the active interest displayed in those special 
branches of scientific inquiry which constitute its aim and object. The special lines 
of research outlined in last year’s report have been developed, and some have already 
given good results. These lines of inquiry are as follows . Obseivations on the 
Arthur’s Pass Tunnel, a survey of the Canterbury lakts, and an examination of the 
Christchurch artesian system. This is quite apart fiom a considerable amount of 
original work which has been carried on by the individual meinbeis of the Institute. 

Aifhur^'* Pa»it Tunnel . — The temperatm*e-observations have been legulaiiy taken 
throughout the year at every 10 chains, and specimens collected at frequent in- 
tervals in order to have a permanent record of the rocks encountered. The lie of 
the beds, faults, and other features have been observed throughout the .S6 chains 
that the bore has penetrated at the Otira end of the tunnel. Little work has been 
done at the Bealey end. The general results arc somewhat inconclusive in that 
there has been no appreciable lise in temperature, a lesult which is no dpubt due to 
the rapid percolation of water through the beds ; and, since the Tunnel follows the 
general strike, little variation is to be met with in the character of the rocks en- 
countered. The thanks of the Institute are due to Messis. John McLean and Sons, 
the contractors, for the facilities afforded for the (‘xamination of the Tunnel, and 
to Mr. John Manson, of the Public Works Department, for the valuable seiwices he 
has rendered in taking temperatures and collecting specimens when members of the 
Institute were imable to visit Otira. 

Lahhb ('ommittee . — ^*Vs mentioned in the repoit last year, it was originally 
intended to commence investigations on Lake Coleridgts and", as a preliminary step, 
a representative of the committee visited the lake. It was decided later to examine 
first a lake of smaller area, and Lake Sarah, on the West Coast Road, was therefore 
chosen. Early in the year three members spent a few days in the locality, and 
did some useful preliminary work, making collections and surveying the lake. 
On the completion of the present section of tho Midland Railway, facilities for 
visiting the lake will be greatly increased, when it is hoped that the investigations 
may be continued. 

Arfettian Inreatifiafion . — Owing to pressure of other nitiUiu’s the Committee 
foi the Investigation of the Artesian System of Christchurch and Neighbourhood 
has been unable to meet and Avork as a general committee : investigations have, 
hoAvever, been carried out by individual members, and a paper dealing with further 
experiments on the effect of* artesian w’ator on fish has already been presented at the 
Institute by Dr. Farr and Mr. D. B. Macleod, and a comprehensive paper dealing 
Avith the depths of the artesians in different districts and the strata through Avhich 
they pass will be brought forAvard by Mr. R. Speight at the annual meeting. 

Animah Protection Act . — This (mestion has been fully lonsidered by a sub- 
committee of the Council, and also by the Council itself Avorking in conjunction 
AA’ith the local acclimatization society and the Otago In.stitute, and there is some 
satisfaction in noting that their combined efforts Avere successful in securing a 
modification of the present Act so as to give more adequate protection to our 
native fauna. A GoA’erament BiW recently introduced into Parliament contained 
a clause which declared all nativ; birds to be protected, and imposed a substantial 
penalty for molesting them. The Hon. D, Buddo, Minister of Internal Affairs, 
has kindly informed the Council that this clause has been finally adopted, and it 
is hoped that it will check the destruction AA'hich AAent on formerly in spite of the 
regulations. The hearty thanks of the Institute are specially due to Mr. H, 0. 
Eff, M.P., and to Colonel Heaton Rhodes, M.P., for their cordial and ready 
assistance in the matter. 

Auckland lAantU . — ^The Council notes AA’ith much pleasure the decision of the 
<}ovemment to make Adams Island, the large island to the south of Camley 
Harbour^ a sanctuary for the preserA’ation of the unique native faima and floia of our 
subantnrctic islands. It is to be hoped that arrangements vA’ill also be made for 
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rltK'lannj* as scenic reserves the two beautiful havboui’s on the east coast of the 
island — viz., Xoiman Inlet and Cascade Inlet: an<l also Kwini; lsliin<I, at the 
north end of the <;i*oup, with its remarkable forest of Oh ana injnUh wliieli, with 
the exception of a similai' patch at the Snares, is the only one in exiatemv. Noi- 
inan Inlet is fuithev reinaik'ibh* as poaseasint; the most soutlierl;^ known tr<'e-fcin 
in the world. 

" ^uOantarciic IMands of Xvic Zealand/"— Si the end of tlu* ye.n 100!) lhi> 
report of the expedition to the soutlicrn islands of >Ne\\ Zealand, orj^anized l>y this 
Institute, was issued to the public. The result has heiui spec'Uilly jiratifyinj; to all 
concerned, the general api)earance of the volumes icflects great credit on the ])rintei, 
and it is confidently hoped that they will be w'elconuul liy the .seienlili<* woj’ld as 
<t substantial contribution to kn(»wle<lgc of the Antai’clie. and espevually of the pait 
immediately to the south of New* Zealand. The work has been well received 
throughout’ New Zealand and the Australian States, and the ..al<‘s from this pa it 
of the world are very satisfadory. It is too (‘arly to sjx^ak of its ic<*eption m 
Europe and America, but judging fioin the few i (‘views that have' iieeii re(‘eivod. 
and from the cordial congratulations and appH‘cialivc references from such w'oll- 
known men as Sir Joseph Hooker, Dr. W. S. Jiru(‘e, Professor L. Jonbin, Dr. C, 
Skottsljerg. Dr. L. Diels, an equally good reception may Ix' t‘xpect(‘d tvom tho.se 
piuts of th(‘ world as well. 

Daring tlie yeai the Institute c(jmimmicaled with the New Zealand (loveininent 
uiging the estalilishmenl of a high-power wireless telegraidi-staiion at the Pdiiff, so 
that coinmimieatioii could be made with expeditions to thr Antarctic ocpiipped wdth 
1 similai outfit. The Premier stated, in reply, tliai ihe station propostul liy the 
New Zealand ( invernmeiit would be of sufficient powei to eoniiiumicate under 
lavouiable conditions with the .Vntariaie mainland. 'I'Ik' Institute hopes that this 
may h*ad in the near future to the eslablishunml of a p^rmaiumt or .semi-pi‘nnanent 
inet('‘orological station in th(‘ neighbourhood of Cn\)o Adare, since such a station 
would prove of the very greatest value in making }U‘(nrat<‘ W(‘ather-forecasts toi 
Australia and New’ Zealand. 

Lihrarij , — The amount spent on tlu' libraiy was far in e\e(‘Ks of ihe proportion 
fixed by the constitution, and as many donations wiux* also rccci\(*d. tlx^ additions 
are more than usually numerous. 

As Port Lyttelt<*n has been cho.sen as the point of (h'pnrture foi yet another 
iSritisb Antarctic Expedition, it is felt that the formation of a section dealing 
with woiks devoted to Antarctica was more than justified, and the t’onncil was 
pleased to lx- abl<* to place the library at the disposal of Captain vSeott and his 
fellow-exploiers of the '‘Terra Nova,’* to w^hom it has already proved of service. 

The following are among the w’oiks added to the si'etfon during th(‘ year : 
"The Antarctic Ri'gions : PA’ickcr ; lUuk "The Heart of the Antarctic": 
Shackletoii: IflOO. “‘Tin* Birds of Terra del Ki»‘go " : Ci*awshay : 1!H)7. Rchwp- 
dische Siid-polar Exp. IV: Xordenskiold ; National* Antarctic Exp.. 

1901-3 : Magnetic OUservation^. British Antarctic Exp., 1007 9 : Hop. Scientific 
Observations — I, Biology; lOlu. Exp. Antarctiqui? Fraixjaisc, 1903-0 (in part); 
1909 f/rf. Charc«jtb presented by the* French Oovernim-iU). "Mission Scicntifitpic 
du Cap Horn’'; ISS‘2 S3, lSS.S-ni. " Subanlarciie Islands oi New Zealand"; 
1909. 

MiPting^ of the Imtltnh '. — Ten meetings of the Institute have* been held during 
the year, at whi(‘h the average attendant e has be(-n sixty-four At these, twenty- 
seven papers embodving the results of original res(‘arch have been read. Thi‘'so 
may be cla.ssified as follows : Botany, 1: zoologv. 7: geology, o ; chemist ly. fi: 
physh's. *J : mathematics, 1: miscellaneous, 2. Thi‘ number for the year is widl 
up to the usual average, and it is pleasing to note that a fair proportion of these 
'ire by young members of the Institute. Besides these original papers the following 
addresses of a more general and pttpiilar character ha\e b(j(‘n delivered: "The 
Nesting Habits of Fishes" (c-x-presidential addresal, by Edgar H. CVaite : "The 
Permanent Pastures of New Zealand," by A. H. Cot'kayne : "The lleology of 
the Cook and Society Islands," by Dr. P. Mavsliall : " .M(idern Views of the Con- 
stitution of Matter." by Dr. H. fl. Denham. 

— During the year ihuty-une new members have been elected and 
tw'enty-six have resigned or been struck off, so that the number now* stands at 173. 

Balance-sheet. — ^The balance-sheet shows a credit on the Institute's ordinary ac- 
count of 9s.. and on the Tunnel Account of £142 19s. lid. A sum of JBlOl 
16s. 8d. has been spent on the library, and £7 9s. has b<‘en collected and forwarded 
to the Hector Memorial Committee as a further contribution to that fund, in 
response to an appeal made by the committee to raiw' the total sum subaeribecl to 
in order to secure the full Govejnmenl sulisidy. 
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Offivf ptr Itni. — 'rii<‘ UjUowi iiLi of 

> 1 * t]u‘ U‘tir li)li : l*re\iili'nt — Mr. A. M. AVriiflit : Vir*‘- 
r. IJ. M. jjniuu. Dr. L. rockayiu ; Untt. Sfrrrf'irjf — Mr. 
fJoN. T rt'ditv I t'r — Dr. C’. Chilton; Hon Lihronitn — Mr. 

, i'ounril — Dr. II. Jiriuu*r, Mr. J. Di-UMinioii<U Dr. H. <J. 

. K. AV. Uilu(‘inl()rl\ Mr. K. (i. Mr. S. Payo. 

— J. “ Tlu' UiMliNcovorv of Jftiniincuhix rrithwifofins," |»y 

paptM* thf author yivrs an avcounl of the lecliacovery ot this speeies of 
/A on the inoinuinns at the head of the ('aiaeion Itivei, in (Vntral Caii- 

‘ Souk* HitlK*rto-iinivcor<k‘(l Plaiit-haliitats (VI).” by Dr. L. 
/no. 

N(»tii on tlu* Disper.sal ot* Marine by Means of Ships,*’ 

Chilton. 

iper records tlie hiidhig ui the Lyttelton Dock of specimens of an Aus- 
acroniid, which hud h.^eii brought over from Melbourn<* by adhering tci 
the \ntarctic Exploring Expedition ship “Terra Nova.” Both male 
e specimens were found, and some of them were still alive when taken 
rack in a plank of the vessel, in which they had apparently harboured 
le voyage. Other recorded instances of the clispi*rsal of marine Crnxtacca 
s are quoted. 

1. “ Ih'vision of the Now Zealand by Dr. i\ Chilton. 

M'his paper ’s an accoimt of the New Zealand StfaUUdttp, supplementary to 
that ^iblished by tiie author in the Trans. N.Z. Inst.. Vol. xxiii, p. 5b. One 
additioBWl species, Ly^umniUht hnnhtL is added to the New Zealand fauna; it 
is an Australian species, and is probably identical with hiftfron^ from Japan. 
Additional information vith regard to other species is also given. 

o. •• Report oil a Coiloction of ('ruafawi fi-oiii tlie Kerinadoc islaii<ls,” 
by Dr. C, Chilton, 

An account of the collected at the Kermudec islands in 190h by- 

Mr. W. n. B. Oliv(‘r and liis companions. The collection is an extensive one, 
i-oiiiprising over eighty- species, all the main divisions of the Cmstacea being 
represented. Nearly all the species prove to be identical with forms already 
known from Aiistralia, New Caledonia. &c., the greater majority of them being 
Indo-Pacifie species, and only- u f(‘\\ belonging to the New Zealand fauna being 
repi esented. 

(>. “ (Ilaciatoil Surfaces and Boiddcr-cLiy at the* Jh‘alcy,” by R. 
Spcigflit (SCO below, p SIS). 

7. “ Proliiidiiary A<‘couul ot the (4oolou:ical Fcntuivs of tin* Christ- 
cdiurcli Artesian Area,'’ by R. Spcigfht. 

In this paper an account is given of the water-bearing beds of the Christchui’ch 
artesian area, as deduced fi-oni the records kept for the past fifteen years by well- 
sinkers. The general sequence of the beds is represented by a sciies of vertical 
sections. Some account i.s alsi; given of the soiuce of the w'ater, and special note 
is made of the occurrenct* of w-ells which are markedly affected by the tide. The 
paper is intended t«) be a pivliminarv to othev.«t dealing with various features of 
the area. 


On Cent roi dal Trianirlos,” liy E. 0. Hog^. 
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9. ” lieiMut oil the Crustavea (jollocted by the ' Xorn Is 
Expedition/' by Dr. C. Chilton. 

An account of the Cna^tacea collected by Mr. Waite cluri 
ciuise of the ‘‘Nora Niven" in 1907. The collection is an inlore 
particularly lich in the hermit-crabs, some of which have not been 
weie taken by the “ Novtua or “ Challenjicr '* expeditions. Ah 
referred to species alr<*aclv desciibed, but in many casiss additional 
4 iven and the synonymy cleared up. [This paper* will be published 
Eesults of the “ Nora Ni\en ” Trawdinj; Expedition in the Records of t 
Museum.] 

10. ‘‘ Petrological Notes on a Collection of Rocks from i 
toria Land,’' by ll. IT. Worth: coiuiniinicatt’d by T. V. Hodgsc 

This paper gives a petrological desciiption of a niimbei of specimens 
b\ Mr. T. V. Hodgson when a member of the British National Antarctic 
tion (1901 Jlj. They include desciiptiims of material not required in the 
tion of the otlicial repoit. 
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HAWKE’S BAY PHILOSOPHICAL TXSTITUTE. 


SiM’ii : pK KilH. 

M)*. J. ilsoii i’ *iie chai}*. 

.IV//’ Mf mhu'^--\\v W. J. W. Tiuri ; mil Mr. 1'. L. Pattrsou. 
Paper . — “ T(>ri)eMl<M‘s in Peace* ami V ]>y \V. J. "W. Turvev, 

The leftuie yave an account, illustiateu 'y Innicin-'^hdcfi. ni the hi&toiy, coii- 
ftiuotion, inachinoiy, and action of the toipciio 

Ilorpeif Hi}(hiinnt n1 FmuL — £5 "oted from tin* fniid'!; «n* the 

lii'stitute ill ^up])nrt of Ilockoii Kiidow],‘».nt l'*’nnd. 


Axotai. (lKXi:itAL Minmx<; ; Jfuntaty. 1911. 

Dr. Htuilev in chair. 

Hi putt. — 'riit* {iiiniial lOiiort and balar. \\oic r«‘ad and adopted, 

and ordercil to he printed. 

AnNCVL JUloK^. 

Dining iht* yeai hevon uicotings oi the Ir^mute weie held, and the Conned 
has met «*oven times. 

tiix papeis ha\e been lead ut the me<‘tinu,« 

Eleven nc*\v meniheis ^^ere elected dining the yeai, l‘oin memhcis lesigned, and 
one died, so that the membership is now soventy-fonr. 

The society wishes to place on recoid its u^gret at the death of Mr. H. R. 
Holder, who was one of its oldest members. 

The library still grows, over forty volumes iia* inu been athhd clminu the year. 
Two sets of valuable volumes haw been p»e«5enTfcd to the libra iv — “ Hawkesworth’s 
Voyages,” presented by Mr. T. Hyde, and ‘’Tiic Institutes of the Emperor Akbar," 
presented anonymously. The i hanks of the Institute arc due to the«e donors. 

The Institute has decideil to encomace ralni e-study by ottViing prizes foi 
collections of plants, shells, and insects, prizes aie offejed through the 

Agricultural and Pastoial Society. 

In order to fall in line tvith other Instil utt-'s « nd loi c<ni\enicme. the date uf 
the annual meeting has been < hanged to Decembei . 

The Council, desi ing to help in making the Hticken colleition moie available, 
decided to vote £5 for that pin pose. 

The Treasurer's statement shows that the Institute is m a sound position, 
there being a credit balance of £*23. 

Election of Officers fur 1911. — Prtstihta — H. Hill, B.A., F.G.fi. ; 
Vire-Presa/lent — T. C. Mooiv, M.D. ; ('u^utcjl — 0. Clark, V’. Dinwidtiie, 
J. Hislop, J. P. Leahy, M.B., D.Pb., U. K. Sinclair, J. Snodgrass; 
Ifon. Secretary — »T. Niven, M.A., M.Se. ; J/on. TrtuAurer — J. W. Craisr; 
//on. Jinlitor — J. S. Largi'; Ifon. /Muft r\i<t — E. fi. Lotoii. 

TaletJicfu *'' . — On behalf of the InstitTi**< , Mr. ('raig w'islied the Presi- 
dent (Dr. Henley) a safe journcT to E' jV.nd, and a pleasant holiday 
there. 


2— Proceedings, pt. iii. 



92 


Ptoreedtnf/g. 


MANA\^'ATU PHILOSOPHICAL SOCIETY. 


A-NNUAIi Mbbting : 7th December, U)10. 

The President, Mr. W. F. Durward, in tlie chair. 

The annual meeting (adjourned from the 24tli November) was held 
on the above date. The annual report and balance-slioet were adopted. 

Repori. 

Since the last annual meeting only five genera] meetings have l>een held, as 
those from May to August lapsed, several gentleiuen who had been expected to road 
papers having been prevented fioiu voiious reasons from doing so. 

During the yeai one of our members has been removed by death, five by 
leaving the district, three by resignation, and three have been sti’uck off the list for 
non-payment of their subscriptions. Dui‘ing the same time five new mombeis 
have been elected, and oui present roll is sixty-five. 

In consequence ot the lamented death of Mr. Keeling, the Council subsequently 
appointed Mr. J. Mitchell auditor in his place. 

The following papers have been read before the socicjty : Mr. W. W. Smith, 
F.E.S. : “The New Zealand Saddleback.'* Mr. D. Sinclair, O.E. : “Education 
among the Early Maoris." Dr. Findlay, LL.D., K.O. : “ Ijegal Liboriy." Mr. 
E. D. Hoben : “The Muting Picture." Mr. R. McXab : “Recent Researches into 
the History of Te Rauparaha*s Raid on Akaroa in 1830, and the French Race for 
the same Place in 1840." 

An admirably mcmuted collection ot ferns was exhibited at the Agiiculturai 
and Pastoral Winter Show by Mr. T. Lancaster, w^hich, thougli not entirely ful- 
filling the conditions attached to the prizes offered by the society, was so liighly 
commended by the Judge, Mi. T. W. Kirk, F.L.S.. that the Council awarded to 
it a prize of E2 2s., and on the judge'* recommendation further altered the condi- 
tions so that, in future, collections sent in in competition for the prizes may be 
confined to any one or more orders in either botany or entomology, a limitation which 
the Council hope may pneourage more competitors to enter. 

Individual additions both to the museum and the library lontinue to come in 
steadily, many of them of considerable interest, there having been over 150 during 
the year; but the Council has been cni^elled to decline representative collections 
.which have been offered by Government Departments and by individuals, on account 
01 the total want of spdvc avail tb!e for their display. * In view of the recent 
rejection of the loan foi a new library and museum, so\uc definite plan for obtain- 
ing increased accommodation is m’gently required. An application has lieen made 
on behalf of the society for the use of the old fire-brigade station, or a iiortion of 
it. as a museum ; and. failing that, it seems a matter for seiious consideration 
whether the society should not try to raise funds for a building of its own. A site 
could be probably obtained eithei from the Corporation or the Government, and 
Mr. Sinclair has kindly prepared an estimate showing that a brick building pro- 
viding accommodation that would be adeqnate for many years might be put up for 
from £630 to £700. 

A reference to the statement of leceipts and expenditui*e wdll show' that if all 
outstanding subscriptions were paid up the society's overdraft would be reduced 
to £l. 

A report by Captain Hewitc on the work of the Observatory is attached : — 
lUport <m Observatory Work during 1909-10, by Captain Hewitt, 

During the past year we have had only forty-nine 'lisitora, though during the comet's 
visit, with the assistance of Messr'». Eliott and Glendinning, the Observatory was 
open three evenings a week. We have had only one visit from the i>ublic schooK when 
Mr. Vernon brought ^me pupils from the High School. 
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Obhcrvationh ot Hallcy’b comet 'were interest iu.. specially Wort* itb pasbage of the 
sun. when its tail was increasing. At 5 a.m. on 18th May the tail, well defined, exceeded 
70 “ of arc, and at 3 a.m. on the 19th the tail, very diffused, covered the N.B. quarter of 
the heavens nearly to the zenith ; at 5 a.m., no df-finefl limits to the tail — apparently the 
t*arth was in the tail. 

The dates of the comet’s fii-bt appearance may be of interest. On Uth Soptemlw*i. 
1909, it was seen at Yerko’b Observatoiy, when the observed po.sition differed only 3 in 
R.A. and 4' in deol. from the position calculated for the Pulkowa Observatory. On 
18th October, 1909, it was found on a photograph- plate at Meeanee. Here it was not 
seen till 18th April, 1910, in the conbtellation Pieces, where, though approaching the 
earth rapidly, it appeared to remain till 4th May. when change of position was easily 
perceived. On 21st April the tail extended about 45' ; on 13th May I estimated it at 
20®, reaching about 5° above a Pegasi. The observed position of the nucleus was 
then R.A. 0® 39' 40'', decl. 11® 48' N. At 5 a.m. on 18th May the tail stretched from 
the horizon at E.N.E. to a point about 7® above Altair — say, 75® of arc. At 6 a.m. the 
nucleus had not risen, and daylight effaced the light of the comet. On 21&t May 1 
observed the comet in the evening, in position R.A. 5h. 51' 45'. and decl. 18° 11' N. 
This is near the calculated position bet'ween the 18th aiid i9th. but 3° further north. 
This looks ab if the comet had been retarded in it^ progrch'-', though I have not hear<l ot 
any one who obber\ed the 'position that ovenihgT “On the following eviening, 22nd !May. 
Mr. Ward's observation at Wanganui agrees closely with mine ; but iflhF'CosBei.jras 
checked, subsequent observations on fourteen evi-ninas up to 24th June show that it^a^ 
•ri’adually malting up for lost time. 

Observations of sun-spots have been interesting, confirming me in the idea, put 
b*‘fore \ou &ome tlu*ec‘ years auo. that we must consider »rf)lar forces as converging on our 
t‘arth and j^lanets of our system, rather than that these bodies catch the chance ray-s 
which may hit them from a body which ratliates toroe into space, heedless w'hether there 
IS matter for those forces to act on. Unfortunately, times of magnetic distm'banee are 
generally accompanied by bad weather, when the sun is obscured by clouds, so simul- 
taneous observ'atioiis of spots and magnetic oscillations are rare ; but on two occasions 
— 25th 8ei)tember and 29th November, 1909 — I noted considerable movement in spots 
on th(' southern hemisphere of the sun, and the Surveyor-Uenerars report, when pub- 
lished, show’ed that on those days there liad betn magnetic disturbance in the observa- 
tory at Christchurch. Commenting on these coincidences to the Surveyor-General, 

I was able to draw his attention to solar disturbances w i h I su.speoted had caused 
magnetic disturbances between 29th SeptemUn’ and 0th October, 1910. He referred 
my letter to Mr. Skey, at Christchurch, wh»> leplied that the magnetograms showed 
considerable disturbance from 29th September to 7th October, This encourages us to 
ask for more observers of these phenomena, .so that we may get more knowledge of that 
mysterious force magnetism. 

We have received from Mes-rs. Home and Thounthw’aite. at a cost of Itis., an 
eyepiece to replace the 70-power one that was injured. 

1 have to thank Messrs. Kliott and (dendinninu l<»r kind assistance when 1 have 
been unable to attend. 


ViiptrH. — 1. “Local Vog<itabIe Parasites," b\ D. Sinclair, C.E. 

This paper dealt with some of the New Zealand ittistletr>es. contrasting them 
with the European species; also with DwtyUuiflat- Tayloji, which was stated to 
glow* on the roots of the white miri appearing about 2m. above 

iroiuid like a fir-cone on end, and -with the flo-wer in the centre tinged 'with pink. 
The plant is rare, and its means of propacation unknown. Ueference was als«» 
made to various Now’ Zealand epiphytes. 

In the course of his paper the authoi ‘-uguested tht- foimatiou of a field 
naturalist club in connection with the society. 


2. ‘‘Assumption of tiu* Sword (irtlu* I'^uticr tif the Maidive Islands,'* 
by W. F. Durward. 

This “Was an account given by the brothel nl the author, an officer on H.M.S. 
‘'Proserpine,’' of the curious ceremonies on the “assumption of the sword” by the 
Slitter of the Maidive Islands, the local equivalent to coiouation. Special atten- 
tion was called to the employment of seven as a mystical number symbolic of 
loyalty, the whole procession being arranged in <even.s. and the pmceedinga being 
repeated at seven different stations. 



9-i Proceeding!^. 

3. ‘'The* KvidiMicvs of tlio Condition of the Interior of the Eartli,” 
b} M. A Eliott. 

AssTRAfT. 

1. Uiavitation proves that the total mass of the earth is times heavier than 
water, the weight increasing towards the mteiior, the surface being from 2^ to 3^, 
and the interior more than 8 times heavier than water. 

2. The shape of the earth shows that the density of the mass inci eases towards 
the centre, and in such piopoition that the rocky shell must be from 800 to 1,000 
miles thick. 

3. {a.) The tides prove that the globe as a whole must be as rigid as steel, 
though at the same time flexible, the core being 4 times as iigid as steel, [h.) Polai 
oscillations show that the interioi is of a plastic nature. 

4. Earthquakes prove that at a depth ot 950 miles — i.f., the point of passage 
from the rock mantle to the metal coie — a sudden change occurs in the condition 
01 the strata. 

0 . The temperature increases lapidly towards the centre, probably to thousands 
0 +* degrees, liquefaction, howev'er, being prevented by the enormous pressure. 

b. The moon, forined t\w same ipateidals as the outer layers of the earth, 
is known ti»)ni astronomical observations to have a density of 3*4, coinciding exacth 
with the Aveiage density of the imky mantle. 

Thus the final conclusion is that the earth consists of a metal core, composed 
principally of iron, with some alloy of heavier metal, as nickel, surrounded by a 
rocky mantle about 9o0 miles thuk. 

Election of Officen^ for WIl. — President — Ca[»taiii Hew'itt, R.N. , 
Viee-Preudenia — Messrs, il. MeXab and R. Gartliier; Secretmy and 
Treaaurer — Mr. ,K. Wilson; Auditor — Mr. J. Mitchell; Council — Messrs. 
Barnicote, Bendsll, Durw’artl, Eliott. Sinclair, and Vernon. 
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0TAC40 INSTITUTE. 


Seve^’TH MjiiETiNi} : Jsf iXovemher, ]91i). 

Professor Waters, President, in tlie chair. 

Tf/r Memhrrt^. — Dr. Chainptaloup and Mr. D. Tunuock. 

Paperii. — 1. ** The Kinetic Energy of River-currents; ov The Ftiliza- 
tioii of River-currents for Power Purposes," l)y E. W. Payne. 

The author showed interesting photographs of a current-wheel which he had 
(.‘instructed and erected at Alexandra, and gave an account of its power and work- 
ing-capacity, and the quantity of water it could lift and discharge, and show’ed 
clearly that there was an almost unlimited supply of power entirely untouched in 
the midst of a great district with enormous possibilities in the way of fruit-pro- 
duction under a comparatively economical system of irrigation. In the course of 
the discussion that followed ]\h. Payne stated that the \Aeels could be multiplied 
indefinitely on a river such as the Clutha, and that the cost per head by current- 
wheel w’as about £500, as against £1,400 per head for w'ater brought in by the 
usual pipe-lines. 

2. " Re])ort ou the Echinoderins collected at the Keruiailec Islands,'’ 
I)/ Professor Renhaiu, F.R.S 

‘i. “ A New Species of Syrphidae,^'' by D. Miller. 

4, “ Anatomy of Siplionaria ohliquala,"' by J. Cottrell. 

o. Description of Some New Species of New' Zealand Lepidoptera^" 
by <T. Howes. 

<1. The Younger Rock Series of New Zealand," by Professor P. 
Marshall, D.Sc. 

Address. — Mr. A. Bathgate gave an interesting account of a trip t<^ 
the Maitonio Caves and to tlie riorth-west portion of the Nelson Province. 


Ekihtii Mektixo ; fSfh Decemher, 1910. 

Professor Waters, President, in the chair. 

Yfw* Mentherf^. — Messrs. J. Laing and C. R. Thompson, M.A. 

Exhibit. — Professor Bcnham exhibited a very fine greenstone ase, 
measuring 11 in. by G in., discovered at a depth of about 6 ft. at the 
coiner of Leith and Hanover Streets, Dunedin. The axe had been dug 
up by the workmen of the Drainage Board, which body had commendahly 
ilonated tlie iinpleinent to the IMuseiim. 

Governor, — ^Mr. G. M. Thomson being unable to attend the next 
annual meeting of the New Zealand Institute, Dr. P. Marshall was elected 
a substitute Governor in his place. 
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A^^"rAL Mek'1IN<j : bth Dt^ri'inber, WIO, 

Profossor Waters, Prei^idout, in the chair 

The annual i*cpoit and baluiice-shcet were adopted. 

Axi^tJAL llEl‘OaT. 

IFor/t of tli( Council . — 'Hie C*ouncil has met t\\elve times ioi Llie ti<insa< tioi, 
of the business of the Institute, of which the following is a summary : — 

Your Council co-operated with the Philosophical Institute of Canteihin y in send- 
ing an empliatic protest to the Prime Minister against the destruction of seals on 
the outlying southem islands. The Pri'ue Minister promised that the mattei 
would have his attention in due course. 

Your Council this year decided to offer tluee prizes of half a guinea each to 
the primary schools of* Otago for the best naturalists* calendar, the best collec- 
tion of insects, and the best collection of plants. The awards for this year ha\e 
not yet been made. 

A contribution of was made to the Hocken Afemorial Fund, and yum 
Council endeavoured to induce the affiliated societies to assist in the upkeep of ’thi«. 
nationfd asset. We regret to say that we have received no satisfactory response 
from any of the affiliated societies. 

Having considered the amendments in the Animals Protection Act subuiitteil 
by the Philosophical Institute of Canterbury, and having found them satisfactory, 
your Council sent w^ord of our willingness to act with it in urging the Government 
ho accept the amendments. 

During the year your Council communicated with the Southland J^and Boaid 
and the Minister of Lands, protesting against the re-lease of the Auckland Islands 
to a whaling enterprise, on the grounds that such enterprise is very destructive 
to the floia and fauna of the islands. A satisfactory assurance was received front 
the Minister that Adams Island would be set apart as a reserve, and that every 
endeavour w’ould be made to preserve the flora and fauna on the most important 
areas of the islands. 

Viewing with regret the great destruction of penguins and sea-elephants on the 
Macquaries, your Council sent lepresentations to the local members of Parliament, 
the Prime Minister, and others, protesting against this, and asking for protection 
of the animals mentioned. Unfortunately, these islands are under the jurisdiction 
of Tasmania, and the Xew Zealand Government declined to interfere. Corre- 
spondence also took place between your Council and the Tasmanian Government 
and several scientific societies in Tasmania and Australia. Unfortunately, your 
Council has no means of proving the amount of destruction or the actual decrease 
of these interesting animals beyond hearsay, and the Government of Tasmania 
seems disposed to grant a re-lease to the owmer of the oil industry on the islands. 
Mr. Hatch, who flatly contradicts our statements as to the damage done. 

Pecognizing the need for expert advice in dealing with the subject of aflorestu- 
tion in New Zealand, your Council sent a strong letter to the Prime Ministei 
urging such an appointment. The Prime Minister, however, assured us that the 
Government have at their disposal at the present time several highly trained 
experts, and do not consider any further appointment necessary. 

Petiiound ut thr Council. — Dr. Fitchett was appointed a member of the Coimcil. 
vice Dr. Malcolm (resigned) ; Mr. Alex. Bathgate was appointed Vice-President. 
vice Dr. Hocken (deceased); and Mr. U. J, Pan.' was appointed to a vacancy on 
the Council. 

Ordinart/ J/m f — Papers and addresses have been given by tlic President 
(Professor Waters), Professor Marshall, Professor Park, Dr. Fulton, and Mr. 
r. W. Payne, and a number of technical and scientific papers have been read and 
placed upon the table for publication in the Transactions. Many interesting 
exhibits have been shown by Pi'ofessor Waters, Dr. Benhain, Mr. George Howes”. 
Professor Park, Professor Marshall, and others, 

‘ In pursuance of its custom, youi' Council invited Dr. Leonard Cockayne, F.L.S.. 
ot Christchurch, a specialist in ecological botany, to deliver an address before oui 
members. The lecture, which was l)eautifully illustrated with lantern-slides, w’as 
well attended and much appreciated. The subject was, “The Scientific Impoit- 
ance of our Scenic Reserves and National Parks," and the speaker gave a graphic 
account of the various types of floral growth upon our islands and forest areas, 

Memberddp. — ^During the current session thirteen new members have joined 
tlie Institute, two have resided, and one—our lamented Vice-President, Dr. Hocken 
— ^has been taken from us iij' death. Full references to his eminent services and 
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ihe great loss sustained by the Xew Zealand Institute will m the minutes 

of the ordinary meetings and inscribed in a permanent mpm j-ial in the volume 
-»! Transactions and Proceedings. 

The Hocken IMemorial, or Museum Wing, is a permanent iandmaik which wdli 
keep fresh in our memoi^ one of our most active workers, and a n»ember of the 
Otago Institute for a period approaching half a century. 

Our membership is now 134, an increase of ten over last ye-ii’s loll. 

lihranj,— The additions to the library during the last Veai have been greater 
than usual, partly owing to the generous donation of books by thp late Dr. Hocken 
and partly to the number of purchases of zoological worts made in accordance 
with an agreement with the other libraries that this Institute should specialize in 
works on general zoology and geolo^. The existing shelves lie nearly full. A 
few years back additional accommodation was effected by the erection of shelves 
in the room of the Curator of the Museum, and this year tlie librarian was compelled 
to obtain permission from the Council to have some small ones built over the door. 
But the time is close at hand when the accommodation for periodicals will b'^ fullv 
nccupied, and it will be necessary to consider seriously how further accommodaticit 
can be provided. A judicious culling-out of old out-of-date woiks ought to be 
undertaken this summer. 

The Council authorized the sale to Messrs. Bowes and Bowes, of Cambridge, of 
our set of the PkUoRO'pliical Mtujaziiie, for which those booksellers were adveilising. 
As this periodical is taken by the University, and as it had not been constilted by 
our members for some years, the opportunity of disposing of the set for a fair 
price was taken. 

The following additions have been made during the ycai. Donations (in addi- 
tion to the reports presented by the Government) : Dr. Hocken—** Geographical 
Journal,” for the last nine years ; “ Journal of the Anthropological Institute,” for 
ten years; ‘*Man,” six volumes. Mr. G. M. Thomson — Twenty-seven pamphlets 
on zoological subjects ; Forster’s “ Character : Generum Plantarum ” (folio). 
1776. Dr. H. Lindo Ferguson— Twenty-two volumes of the Transactions of the 
New Zealand Institute (volumes xvii-xxxix, minus xxxiii and xxiv). Dr. P. Mar- 
shall— Nicholson’s ” Palaeozoic Corals— the Monticuliporidae ” Numerous addi- 
tions by purchase were also made. 

Thanhft, --The Council and members desire to thank those ladies who have been 
kind enough to provide and superintend the distribution of refreshments at our 
meetings. Our thanks are due to the Otago Employers’ A.ssociation for kindly allow- 
ing^the Council to hold its meetings in its board-room. 

Balance-sheet . — The balance-sheet, presented by the Treasui'ex ^Mr. J. 0. Thom- 
son). showed a credit balance of £59 11s. 8d. The finances of the Institute are in 
a satisfactory condition. 

Officers for IQJJ . — President — Mr. Alex. Bathgate; T ire-PresidenU 
— Professor W. B. Benham, D.So., F.R.S., Profes&or D. B. "Waters, 

A. O.S.M.; Council — ^Dr. R. T. Fulton, Dr. S. C. Allen. Mr. J. C. 
Thomson, Professor P, Marsliail, M.A.. D.Sc., F.G.S., Professor J. Mal- 
colm, M.D., Mr. F. H. Stathain, A.O.S.M., Mr. G. M. Thomson, M.P., 
F.L.S.; Hon Treasurer — W. Fels; Hon, Secrefarj/ — E. J. Parr, M.A., 

B. Sc.; Hon. Lihrarian — Dr. Benbaiii ; Hon. Auditor — Mr. D. Brent, 
.\f.A. 
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1. Glaciated Surfaces and Boulder-clay near Bealey. By 11. Spciglit, M.Sc., 
F.(^.S. (Bead before the riiilosoplueal Institute of Canterbury, 
7th Decen.ber, lOJO.) 

Glaciated surfaces where actual striae still remain clearly visible have not been 
often recorded as occurring in this country, nevertheless a careful inspection of 
likely places shows that they are by no means infrequent. During a visit to the 
Bealey I had opportunity to examine minutely several places where ice was likelj* 
to leave its traces, and specially the large roeh^ moutonnie near which the Bealey 
Hotel is situated. This is in all probability an outlying fragment of a former spur 
which has been almost entirely removed by the erosion of the great valley glacier 
which occupied the Waimakariri Valley in former times, and its surface exhibits 
in many places the characteristic striae and flutings due to glacier erosion. These 
have remained hidden for years, but recent heavy rains have removed the c<n'ering 
of soil and clay and exposed the surface of the solid rock to view for over S chains 
along the roadside. The flutings and striae are not parallel to the axis of the 
valley, but make a small angle with it. The general surface of the mound shows 
the dimples usually associated with glacier-eroded surfaces. Similar dimples are 
to be observed on Goldney’s Saddle, about seven miles below the Bealey near the 
junction of the Cass with the \Vainiakarii*i. In order that these foims may be well 
preserved, thej’ unist be protected from the disintegrating action of frost, which 
t(uickly breaks up any exposed surface in this region. The rapidity of this mode 
of disintegration is well shown on the surfaces of rocks on Ooldney's Saddle, where 
they have been deprived of their blanket of clay, loess, or peat. The completeness 
of this protective covering accounts for the surface markings being so well preserved 
at the Bealey. On close examination this appears to be composed of an upper layer 
of loose material, yellowish-brow’n In colour, closely resembling loess, but not a true 
loess. The actual* thickness is doubtful, and no doubt highly variable, but where 
exposed on the roadside it is from 4 ft. to 5 ft. thick. This portion owes its origin 
partly to material contained in the ice and left behind when it melted, partly to 
material weathered at higher levels and carried down by the action of water, snoiW, 
&c,, and pailly to the fine rock-flour w^hich has been sw^ept by strong winds from 
the dry river-beds left exposed as the ice retreated. The most interesting part, 
however, is the Ixittoni layer of about 18 in. thick. This consists of a stiff clay 
t'ontaining subangular stones which are frequently striated— that is, it is a tme 
boulder-clay, the first recorded from Xew’ Zealand which exhibits all its special 
(•haracters. Such clays have been repoited, but without the presence of scratched 
stones. In this case they are common, and a dozen good examples w’ere collected 
in the course of two forenoons. It must be stated, however, in order to prevent 
possible misunderstanding, that a portion of the upper surface of the roefte mon~ 
tonn^e had been ploughed, and scratched stones w^eie tiu-ned up in this part of it. 
It might be luged that the scratches on the stones were marks pioduced by the 
ploughshai'e were not equally good specimens found in the clay on that part of the 
hill w’hich had nut been bi*oken up. No doubt this clay collected in some of the 
hollows formed in the rock-surface by the erosive action of the glacier. 

Striated surfaces aie also to be seen in the locality on the side of the road just 
past the hotel, and a very well-marked occurrence was pointed out to me by Mr. 
Patterson,^ the Public Works Engineer, about six miles below the Bealey, on the 
Waimakariri cutting near the site of the projected railway-bridge over the river. 
Curiosity-hunters are lapidly destroying this surface in the desire to obtain speci- 
mens. 

Both these occurrences owe their preservation to the protection afforded by the 
surface layer of loose material, and they have only been recently exposed. 


2* Notes on the Discovery of Dactylanthus Taylori. By Jaiaey Grant,* 
B.A. ; cimnnunicated by Mr. T. W. Downes. (Read before the 
Wellinp:ton Philosophical Society, Ttli September, 1910.) 

In Vol. xli of the “Transactions of the New Zealand Institute** Mr. H. Hill, 
m describing the Daettflanthufi Tauloru quotes a letter he received from Mr. D. H. 
Williamson, in which that writer claims that his father, the late Francis IVTlliamson, 
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was the discovL*ivr ot the plant, but that instead <if sendinui it to Kn«»land as he 
originally intended he gave it to the Itev. Richard Taylor, who was Then on the 
point ot paying a visit to the Old Country. The concluding sentence ol the letter 
indicates that Mi. Williamson has a grievance against Mr. Taylor because Dr. 
Hooker (now Sir Jo.sephl associated the name of the veteran missionary with the 
plant. 

The Rev. R. Tayloj* came to New Zealand in March, and paid his first 

visit to England in Itioo. Hence the late Mr. Williamson must have found his 
.specimen early in that yeai. Possibly Mr. D. H. Williamson was led to make the 
claim on behalf of his late father on reading an article in Vol. xxviii of the 
Transactions where the late Mr. T. Kirk mentions 1S57 as the probable date ol 
Taylor’s discovery. But, as .Mr. Hill points out, there is a .sketcdi of the 
7a}ifhtid in Tayloi's ‘‘To Ika a Maui,’* which w'as published in 185o. 

In the second edition of “ Te Ika a Maui" (page (597) Tayloi says. “1 fiist 
found it [lJQctyhnthu.'<) on a mountain-range neui Hikuiangi, retiuning from Taupo, 
and noticed it growing among the roots of a tree near the path. . . . Mr. Wil- 

liamson afteiwvards brought me another sp(‘cimen wliich he harl found iu cleaiing some 
ground. The whole plant and flow’ers were entirely covered with vegetable mould ; 
the stem between the bracts was of a rusty brown. There were twenty-five flowers 
open all at once ; another e.xcre.scence had eighteen. He states the odour of one 
plant was something like that ot a ripe melon, whilst the other had a disagreeable 
earthy smell.” 

Dr. Hookei. who described and named the niant, says, “ Koi a specimen of 
this singular plant 1 am indebted to my friend the Rev. R. Taylor, of Xew Zea- 
land, who brought a fragment of it to England in 1836, and, on my pointing out 
its probable interest, promised to procure more on his return to New Zealand. Thi.« 
Ik did, and early in the present year (1S39) I had the pleasure ot i-eeeiving from 
him a dried specimen ot a female plant, a perfect male inflorescence iu a lettei, 
and a pen-and-ink sketch ot the peduncle and flowers, w’ith notes on the same." 

The most important evidence was discovered iiy Mis. Harper, the wife of Mr. 
H. S. (1. Harper, in whose possession the Uev. R. Taylor’s unpublished journals 
aie. The whole entry foi the day is copied out exactly as it stands, except that 
the writer of these notes has supplied the pimctuat ion-marks. 

“ March 18, 1845, — It was a rainy night, and very cold, wet, and cheerless. 
In walking through tht‘ dense, humid ftjrest 1 was soon as wet as it I had been 
in the w’ater. We had constantly been ascending and descending. We crossed the 
Mangawera [ Mangawhero] after dinner. The stream here makes a remarkable 
noise, which I fancy is occasioned by its flow’ing through some cavern in the rock. 
The Natives say it is a large tuna, I found the Parei myselt to-day. It is cer- 
tainly one of the most remarkubh* vegetable productions I have seen, and appeal’s 
to be the union of fungu.s with the plant. I passed several, taking them foi toad- 
stools, but one more remarkable than the rest caused me to stop and gathei it. I 
then found that it w’as a plant in full flow’er, although very much resembling a 
fungus. It has no leaves, and has a calyx containing a kind of pollen with rathei 
a disagreeable smell. The Native.s say it is more prolific than the potato, but \yll 
cmly grow’ in the forest. W’e passed through several small luuniai^ to-day and had 
sonie very w'earisoiiie and precipitous a.scenls. We are encamped for the night 
where the road for Rukehika l)ranclie.s off from tiiat to Iktu’anei [Hikiu-angi].” 

This quotation, the compder ventures to think, establishes the fact that the 
Rev. R. Taylor discovered the Dartyhnthu^ in ltS4r>. It is not improbable that 
the specimen received by Hooker in 1856 is the one Mr, Williamson refers to in 
his letter. But as Tayror had seen the plant more than ten years previously, he 
could hardiv be expected to represent it to Hooker as the discovery of another 
man. Besides, he is tpiite frank in mentioning the specimen he received f 1 * 01*1 
Williamson. So I think the hint in the c*onclnsion of Mr. Williamson's letter that 
Taylor w’as guilty of something akin to sharp prac’tice has nothing to suppoit it. 

These notes have been compiled to vindicate the I'haructei of the Rev. R. Taylor, 
d man w’ho worked strenuously not only for the good of the Natives, but also for 
the public generally. Like many more overworked men, he found time to study the 
natural history of* the district over w’hich he made so many journeys. He w'rote 
’two books, the second edition of one of these being practically a new work, numerous 
articles of a scientific nature, besides many volumes of unpublished matter. 

Unfortunately, no biography of Tayhir has yet been written. Until some one 
accomplishes that work the man will remain unlcnown. Suffice it to say here that, 
even if the evidence in his diary had not been forthcoming, the man was so up- 
right in character that he would never have been guilty of attempting to appropriate 
another man's discoveiy. 
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3. Geoplana aucklandica and Geoplana marrineri : a Correction in Nomen- 
clature. By Aiihur Bendy, D.Sc., F.R.S. 

In my article On Land Planarians from Auckland ami Endeiby Islands,’ il 
the “ Subantarctic Islands of New Zealand*' (Wellington, V.Z., 1909), 1 hav< 
described a new species fiom Auckland Island under the name (reoplana aurklandica. 
having overlooked the fact that 1 had m 5 *solf eight years previously given this name 
to a totally diffeient bpecies from a widely separated locality — viz., ^\uckland, in 
the North Island of New Zealand. 

I now desire to leetify this eiior by pioposing a now spe(ifi(‘ name lor thi 
subantarctic form from Auckland Island, and I suggest that it be called Geoplana 
manineri, in acknowledgment of the services rendered to the study of zoology’ in 
New Zealand by my late friend and assistant, Cleorgo 11. JMarrinei. 


4. Notes on the Vegetable Caterpillar. By G. Howes, F.E.S. 

During a recent visit to Biverton 1 raided a patch of the well-known vegetabit 
caterpillar. This patch I have known of for some years, and have on several oc- 
casions drawn on it for specimens for friends. The patch of bush where they occui 
is but small, and the more open spaces have been depleted, but amongst the stems 
and roots of shrubs and creepers a fair number of the spore-bearing spikes appeal. 

Digging had to be carefully carried out, as caielessncss or rough handling 
caused &‘6akag;e and spoilt the specimen; indeed, it was impossible to dig up an;^ 
particular specimen without lunnmg the risk of breaking some other near by. T^e 
special point I wish to place on lecord is that fragments from specimens accidentally 
broken and again buiied during some previous search had sent out healthy spoie- 
bearing spikes. Several of these fragments were less than Im. in length, while 
one of about 2 in, (being the tail half) had grown two fair-sized spikes 

Along with the fungi I took an apparently healthy larva of Poilna dhiodu 
and, so far as I could see, all the vegetable caterpillais there weie those of this 
moth. The laigest specimen I took was 5 in., but I nave never seen a li\ing dinodti 
larva of this length, and suppose that the fungus growth distends tlio tkin of its 
host. 
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NEW ZEALAND INSTITUTE ACT, 190;). 

The following Act reconstituting the Inslitute was passed by Pai* 
Ikment . — 

1903, No. 18. 

An Act to reconstitute the New Zealand Institute. 

[18th Norenibcyj 1U03* 

Wheueas it is desirable to reconstitute the New Zealand Institute with 
a view to connecting it more closely with the affiliated insritutions : 

Be it therefore enacted by the General Assembly of New Zealand in 
Parliament assembled, and by the authority of the same, as follows : — 

1. The Short Title of this Act is the New Zealand Institute Act, 
1903. 

2. The New Zealand Institute Act, 1867, is hereby repealed. 

3. (1.) The body hitherto known as the New Zealand Institute (here- 
inafter referred to as “the Institute'*) shall consist of the Auckland 
Institute, the Wellington Philosophical Society, the Philosophical Insti- 
tute of Canterbury, the Otago Institute, the Hawke’s Bay Philosophical 
Institute, the Nelson Institute, the Westland Institute, the Southland 
Institute, and such others as may hereafter be incoiporated m accordance 
with regulations to be made by the Board of Governors as hereinafter 
mentioned. 

(^2.) Members of the above-named incorporated societies shall be 
ipso facto members of the Institute. 

4. The control and management of the Institute shall be in the hands 
of a Board of Governors, constituted as follows : — 

The Governor ; 

The Colonial Secretary ; 

Pour members to be appointed by the Governor in Council during 
the month of December, one thousand nine hundred and three, 
and two members to be similarly appointed during the month 
of December in every succeeding year ; 

Two members to be appointed by each of the incoiporated societies 
at Auckland, Wellin^on, Christchurch, and Dunedin during the 
month of December in each alternate year ; 

One member to be appointed by each of the other incorporated 
societies during the month of December in each alternate year. 

5. (1.) Of the members appointed by the Governor in Council two 
shall retire annually on the appointment of their successors ; tlie first two 
members to retire shall be decided by lot, and thereafter the two mem- 
bers longest in office without reappointment shall retire. 

(2.) Subject 10 the provisions of the last preceding subsection, the 
appointed members of the Board shall hold office until the appointment 
of their successors. 
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6. The Board of Governors as above constituted shall be a body cor- 
porate, by the name of the “ New Zealand Institute,'* and by tbat name 
they shall have perpetual succession and a common seal, and may sue 
and be sued, and shall have power and authority to take, purchase, and 
hold lands for the purposes hereinafter mentioned. 

7. (1.) The Board of Governors shall have power to appoint a tit 
person, to be known as the President,** to superintend and carry out all 
necessary work in connection with the aliairs of the Institute, and to pro- 
vide liim with such further assistance as may be required. 

(2.) It shall also appoint the President or some otiier ht person to 
be editor of the Transactions ot the Institute, and may appoint a com- 
mittee to assist him in the work of editing the same. 

(3.) It shall have power to make regulations under wdiich societies 
may become incorporated to the Institute, and to declare that any 
incorporated society shall cease to be incorporated it such resiulations 
are not complied with, and such regulations on being published in the 
Gazette shall have the force of law. 

(4.) The Board may receive any grants, bequests, or gifts of liooks or 
specimens of any kind whatsoever for the use ot the Institute, and dispose 
of them as it thinks fit. 

(5 ) The Board shall have control of the property liereinatter vested 
in it, and of any additions hereafter made thereto, and shall make 
regulations for the management of the same, for the encouragement 
of research by the members of the Institute, and in all matters, speci- 
fied or unspecified, shall have power to act for and on behalf of the 
Institute. 

8. Any casual vacancy on the Board of Governors, howsoever 
caused, shall be filled within three months by the society or authority 
that appointed the member whose place has become vacant, and if 
not filled within that time the vacancy shall be filled by the Board of 
Governors. 

9. Q.) The first annual meeting of the Board of Governors herein- 
before constituted shall be held at Wellington on some day in the 
month of January, one thousand nine hundred and four, to be fixed 
by the Governor, and annual meetings oi the Board shall be regularly 
held thereafter during the month of January in each year, the date 
and place of such annual meeting to be fixed at the previous annual 
meeting. 

(2.) The Board of Governors may meet during the year at such other 
times and places as it deems necessary. 

(3.) At each annual meeting the President shall present to the meeting 
a report of the \vork of the Institute for the year preceding, and a balance- 
sheet, duly audited, of all sums received and paid on behalf of the 
Institute. 

10. The Board of Governois may from time to time, as it sees fit, 
make arrangements for the holding of general meetings of members of 
the Institute, at times and places to be arranged, for the reading^ of 
scientific papers, the deliver^' of lectures, and for the general promotion 
of science in the colony by any means that may appear desirable. 

11. The Colonial Treasurer shall, without further appropriation than 
this Act, pay to the Board of Governors the annual sum of five hundred 
pounds, to be applied in or towards payment of the general current 
expenses of the Institute. 
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12. (1.) On the appointment of the first Board of Governoib undei 
this Act the Board of Governors constituted under the Act hereby 
repealed shall cease to exist, and the property then vested in, or belong- 
ing to, or under the control of that Board shall bo vested in His Majesty 
for the use and benefit of the public. 

(2.) On the recommendation of the Piesideut of the Institute the 
Governor may at any time hereinafter, by Order in Council, declare that 
any part of such property specified m the Order shall l)e vested in the 
Board constituted under this Act 

13. All regulations, together with a copy of the Transactions of the 
Institute, shall be laid upon the table of both Houses of Parliament 
within twenty days after the meeting thereof. 


NEW ZEALAND INSTITUTE ACT, 1908. 

1908, No. 130. 

Ak Act to consolidate ceitaiu Enactments of the General Assemblj 
relating to the Netv Zealand Institute. 

Be it exacted by the General Assembly of New Zealand in Parliament 
assembled, and by the authority of the same, as follows : — 

1. (1.) The Short Title of this Act is the New^ Zealand Institute 
Act, 1908. 

(2.) This Act is a consolidation of the enactments mentioned in the 
Schedule hereto, and with respect to those enactments the following pro- 
visions shall apply ; — 

ia,) The Institute and Board respectively constituted under those 
enactments, and subsisting on the comiug into operation of this 
Act, shall be deemed to be the same Institute and Board respec- 
tively constituted under this Act without any change of consti- 
tution or corporate entity or otherwise ; and the members 
thereof in office on the coming into operation of this Act shall 
continue in office until their successors under this Act come into 
office. 

All Orders in Ooimcil, regulations, appointments, societies incor- 
porated with the Institute, and generally all acts of authority 
which originated under the said enactments or any enactment 
thereby repealed, and are subsisting or in force on the coining 
into operation of this Act, shall enure for the purposes of this 
Act as fully and effectually as if they had originated under the 
corresponding provisions of this Act, and accordingly shall, 
where neoessaiy, be deemed to have so originated. 

(c, I All property vested in the Board constituted as aforesaid shall 
be deemed to be vested in the Boai'd established and recognized 
by this Act. 

(d.) All matters and proceedings commenced under the said enact- 
ments, and pending or in prepress on the coming into opera- 
tion of this Act, may be continued, completed, and enforced 
under this Act. 


• See Neto Ztaland QazttU^ 1st September, 1904, 
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2. (1.) The body now known as tlie Kew Zealand Institute (herein- 
after referred to as “ the Inistitute”) shall consist of the Auckland Insti- 
tute, the Wellington Philosophical Society, the Philosophical Institute 
of Canterbury, the Otago Institute, the Hawke’s Bay Philosophical In- 
stitute, the Nelson Institute, the Westland Institute, the Southland 
Institute, and such others as heretofore have been or may hereafter be 
incorporated therewith in accordance with regulations heretofore made 
or hereafter to be made by the Board of Governors. 

(2 ) ^Members of the above-named incorporated societies shall be ipso 
racto members of the Institute. 

3. The control and management of the Institute shall be vested in a 
Board of Governors (hereinafter referred to as “ the Board constituted 
as follows 

The Governor : 

The Minister of Internal Affairs • 

Four members to be appointed by the Governor in Council, of 
whom two shall be appointed during the month of December 
in every year : 

Two members to be appointed by each oi the incorporated societies 
at x\uckland, Wellington, Christchurch, and Dunedin dimng 
the month of December in each alternate year ; and the next 
year in which such an appointment shall be made is the 
year one thousand nine hundred and nine : 

One member to be appointed by each of the other incorporated 
societies duiing the month of December in each alternate 
\ear; and the next year lu which such an appointment shall 
be made is the year one thousand nine Imndred and nine, 

4 (i.) Of the members appointed by the Governor m Council, the 
two members longest in office without reappointment shall retire annually 
on the appointment of their successors. 

(2.) Subject to the last preceding subsection, the appointed members 
of the Board shall hold office until the appointment of their successors. 

5. The Board shall be a body corporate by the name of the '' New 
Zealand Institute,” and by that name shall have perpetual succession 
and a common seal, and may sue and be sued, and shall have povrer and 
authority to take, purchase, and hold lands for the purpose^ hereinafter 
mentioned. 

6. ti.) The Board shall have power to appoint a fit person, to be 
known as the '' President,” to superintend and carry out all necess£^’ 
work in connection with the affairs of the Institute, and to provide him 
with such fui'ther assistance a.s may he required. 

(2.) The Board shall also appoint the President or some other fit 
person to be editor of the Transactions of the Institute, and may appoint 
a committee to assist him in the work of editing the same, 

<^3.) The Board shall have pow’er from time to time to make regu- 
lations under which societies may become incorporated with the 
Institute, and to declare that any incorporated society shall cease to be 
incorporated if such regulations are not complied with ; and such regu- 
lations on being published in the Gazette shall have the force of law. 

(4.) The Board may receive any grants, bequests, or gifts of books 
or specimens of any kind whatsoever for the use of the Institute, and 
dispose of them as it thinks fit. 

(5.) The Board shall have control of the property from time to time 
vested in it or acquired by it ; and shall make regulations for the 



106 


Apjjendu. 


maiiagement of the sauie, and fov the encouragement of research by the 
members of the Institute ; and in all matters, specified or unspecified, 
shall have power to act for and on behalf of the Institute. 

7. (1.) Any casual vacancy in the Board, howsoever caused, shall be 
filled within three months by the society or authority that appointed 
the member whose place has become vacant, and if not filled wnthin that 
time the vacancy shall be filled by the Board. 

(2.) Any person appointed to fill a casual vacancy shall only hold 
ottice for such period as his predece&:?or would have held office under 
this Act. 

8. (1.) Annual meetings of the Board shall be held in the month of 
January in each year, the date and place of such annual meeting to be 
fixed at the previous annual meeting. 

(2.) The Board may meet during the year at such other times and 
places as it deems necessary. 

(3.) At each annual meeting the President shall present to the 
meeting a report) of the work of the Institute for the year preceding, and 
a balance-sheet, duly audited, of all sums received and paid on behalf 
of the Institute. 

9. The Board may from time to time, as it sees tit, make arrange- 
ments for the holding of general meetings of members of the Institute, 
at times and places to be arranged, for the reading of scientific papers, 
the delivery of lectures, and for the general promotion of science in New 
Zealand by any means that may appear desirable. 

10. The Minister of Finance shall from time to time, without further 
appropriation than this Act, pay to the Board the sum of five hundred 
pounds in each financial year, to be applied in or towards payment of the 
general current expenses of the Institute. 

11. Forthwith upon the making of any regulations or the publica- 
tion of any Transactions, the Board shall transmit a copy thereof to the 
Minister of Internal Afiairs, who. shall lay the same before Parliament if 
sitting, or if not, then within twenty days after the commencement of the 
next ensuing session thereof. 


Sc HEDUIiB. 

Eiiacthu ntf> txfUholidated. 

1903, No. 4S. — The New' Zealand Institute Act, 1903. 


KEGCLATIONS. 

The following are the regulations of the New Zealand Institute under 
the Act of 1903 : — 

The word “Institute” U!>ed in the following regulations means the 
Nev." Zealand Institute as constituted bv the New Zealand Institute 
Act, 1903. 

Ikcokpokation’ of Societies. 

1. No society shall be iucorpc>rated with the Institute under the pro- 
visions of the New Zealand Institute Act, 1903, unless sucli society shall 
consist of not less than twenty-five members, subscribing in the aggregate 

' Xew Zealanti Gaiette, 14th July, 11*04. 
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a. sum ot not less than £25 sterling annually for the promotion of art, 
science, or such other branch of knowledge for which it i«> associated, to 
be from time to time certihed to the satisfaction of the Board of Governors 
of the Institute by the President for the time being of the society. 

2. Any society incorporated as aforesaid shall cease to be incorporated 
with the Institute in case the number of the members of the said society 
shall at any time become less than twenty-five, or the amount of money 
annually subscribed by such members shall at any time be less 
than £25. 

3. The by-laws of every society to be incorporated as aforesaid shall 
provide for the expenditure ot not less than one -third of the annual 
revenue in or towards the formation or support of some local public 
museum or library, or otherwise shall provide for the contribution ot not 
less than one-sixth of its said revenue towards the extension and main- 
tenance of the New Zealand Institute. 

•4. Any society incorporated as atoresaid which shall in any one year 
fail to expend the proportion of revenue specified in Regulation No. 3 
aforesaid in manner pro\dded shall from henceforth cease to be incor- 
porated with the Institute. 


Publications. 

6. All papers read before any society for the time being incorporated 
with the Institute shall be deemed to be communications to the Insti- 
tute, and then may be published as Proceedings or Transactions of the 
Institute, subject to the following regulations of the Board of the Institute 
regarding publications : — 

{a.) The publications of the Institute shall consist of — 

(1.) A current abstract of the proceedings of the societies 
for the time being incorporated with the Institute, to be 
intituled “ Proceedings of the New Zealand Institute” ; 

(2.) And of transactions comprising papers read before the 
incorporated societies (subject, however, to selection as here- 
inafter mentioned), and of such other matter as the Board of 
Governors shall from time to time determine to publish, to 
be intituled “ Trausactions of the New Zealand Institute.” 

(//.) The Board of Governors shall determine what paper& are to be 
published. 

(c.) Papers not recommended for publication may be returned to their 
authors if so desired. 

All papers sent in for publication must be legibly written, type- 
written, or printed. 

(r.) A proportional contribution may be required from each society 
towards the cost of publishing Proceedings and Transactions 
of the Institute. 

(/*,) Bach incorporated society will be entitled to receive a propor- 
tional number of copies of the Transactions and Proceedings 
of the New Zealand Institute, to be from time to time fixed 
by the Board of Governors. 

^Ianaoement of the Peopebty of the Institute. 

6. All property accumulated by or with funds derived from incor- 
porated societies, and placed in charge of the Institute, shall be vested 
in the Institute, and be used and applied at the discretion of the Board of 
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Governors for public advantage, in like manner with any other of the 
property of the Institute. 

7. All donations by societies, public Departments, or private indi- 
viduals to the Institute shall be acknowledged by a printed form of 
receipt, and shall be entered in the books of the Institute provided for 
that purpose, and shall then be dealt with as the Board of Governors may 
direct. 


Honobary Membkjis. 

8. The Board of Governors shall have power to elect honorary 
members (being persons not residing in the Colony of New Zealand), pro- 
vided that the total number of honorary members shall not exceed 
thirty. 

9. In case of a vacancy in the list of honorary members, each incor- 
porated society, after intimation from the Secretary of the Institute, may 
nominate for election as honorary member one person. 

10. The names, descriptions, and addi’esses of persons so nominated, 
together with the grounds on which their election as honorary members 
is recommended, shall be forthwith forwarded to the President of the 
New’ Zealand Institute, and shall by him be submitted to the Governors 
at the next succeeding meeting. 


General Regulations. 

11. Subject to the New Zealand Institute Act, 1908, and to the 
foregoing rules, all societies incorporated with the Institute shall be 
entitled to retain or alter their own form of constitution and the by-laws 
for their own management, and shall conduct their own affairs. 

12. Upon application signed by the President and countersigned by the 
Secretary of any society, accompanied by the certificate required under 
Regulation No. 1, a certificate of incoi'poration will be granted under 
the seal of the Institute, and will remain in force as long as the fore- 
going regulations of the Institute are complied with by the society. 

13. In voting on any subject the President is to have a deliberate as 
well as a easting vote. 

14. The President may at any time call a meeting of the Board, and 
shall do so on the requisition in writing of four Governors. 

16. Twenty-one clays’ notice of every meeting of the Board shall be 
given by posting the same to eacli Governor at an address furnished by 
him to the Secretary. 

16. Ill case of a vacancy in the olfice of President, a meeting of 
the Board shall be called by the Secretary within twenty-one days to 
elect a new President, 

17. The (Governors for the time being resident or present in Wellington 
shall be a Standing Committee for the purpose of transacting urgent 
business and assisting the officers. 

18. The Standing Conmiittee may appoint persons to perform the 
duties of any other office which may become vacant. Any such appoint- 
ment shall hold good until the next meeting of the Board, when the 
vacancy shall be filled. 

19. The foregoing regulations may be altered or amended at any 
annual meeting, provided that notice l>e given in writing to the Secretary 
of the Institute not later than the 30th l^ovember. 
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THE HUTTOK :^[EMOHIAL MEDAL AND EESEAECH FUND. 

Resolved by the Board ot Governors of the New Zealand Institute 
that — 

I The funds placed in the hands of the Board by the committee of 
subscribers to the Hutton Memorial Fund be called ‘‘The Hutton 
J^lemorial Eeseai'ch Fund,” in memory of the late Captain Frederick 
Wollaston Hutton, F.E.S. Such fund shall consist of the moneys sub- 
scribed and granted for the purpose of the Hutton Memorial, and all 
other funds which may be given o}‘ granted for the same purpose. 

2. The funds shall be vested in the Institute. The Board of 
Governors of ilie Institute shall have the control of the said moneys, 
and may invest the same upon any securities proper for trust 
moneys. 

3. ' A sum not exceeding £100 shall l)e expended in procuring a bronze 
medal to be known as “ The Hutton Memorial Medal.” 

I. The fund, or such part thereof as shall not be used as aforesaid, 
shall be invested in such securities as aforesaid as may be approved of by 
the Board of Governors, and the interest arising from such iavesfcmeut 
shall be used for the furtherance of tlie objects of the fund. 

5. The Hutton Memorial Medal shall be awarded from time to time 
by the Board of (iovernors. in accordance with these regulations, to 
persons who have made some noticeal)le contribution in connection with 
the zoology, botany, or geology ol New Zealand, 

6. The Board shall make regulations setting out the manner in which 
the funds shall be administered. Such regulations shall conform to the 
terms of the trust, 

7. The Board ot Governors may, in the manner prescribed in the 
regulations, make grants from time to time from the accrued interest to 
persons or committees who require assistance in prosecuting researches 
in the zoology, botau} , or geology ot New Zealand. 

S. Tliere shall be published annually in the ‘‘Transactions ol the 
New Zealand Institute ” the regulations adopted by the Board as afore- 
said, a list of the recipients of the Hutton Memorial Medal, a list of the 
persons to whom gi'ants have been made during the previous year, and 
also, where possible, an abstract of researches made by them. 


Eegulaiioxs cxdek which the Huotok Memohial Medal shall de 

AWABDED AND THK EesBARCH FuND ADMINISTERED. 

1. Culessiu exceptional circumstances, the Hutton Memorial Medal 
shall be awarded not oftener than once m every three years ; and in no 
case shall any medal be awai'ded unless, in the opinion of the Boai‘d, 
some coutribulion really deserving of the honour has been made. 

2. The medal shall "not be awarded for any research published previous 
to the 31st December, 1906. 

3. The reseai'ch for which the medal is awarded must have a distinct 
l>earing on New Zealand zoology, botany, or geology. 

4. The medal shall be awarded only to those who have received the 

f reater part of their education in New Zealand or who have resided in 
lew Zealand for not less than ten years. 

0, Wlienever possible, the me^al shall be presented in some public 
manner. 
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6. The Board of Governors may, at an annual meeting, make giants 
from the accrued interest of the fund to any person, society, or commit- 
tee for the encouragement of research in New Zealand zoology, botany, 
or geology. 

7. Applicationh for such grants shall be made to the Board liefore the 
30th September. 

8. In making such gi'ants the Boai’d ot Governors shall give pretei ence 
to such persons as are defined in regulation 4. 

9. The recipients of such grants shall report to the Boaid beiore the 
31st December in the year following, showing in a general way how 'the 
grant has been expended and what progi'ess has been made with the 
research. 

10. The results of researches aided by grants from the fund shall, 
where possible, be published in New Zealand. 

11. The Boai'd of Governors may from time to time amend or alter 
the regulations, such amendments or alterations being in all cases m con- 
formity with resolutions 1 to 4. 

Aw.tBD OF THE HuTTON MbUORIAIi MeD-AL. 

1911. Professor W. B. Benham, D.Sc., P.E.S., University of Otago — 
For researches in New Zealand zoology. 

Grant from the Hutton Memorial Research Fund. 

1911. To Professor 0. Chilton, Canterbury College — £10 for the 
preparation of illustrations for a revision of the Cruetacea of New 
Zealand. 
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ESTABlISsHED UNDER AN AC'J OP HIE OENERAL Ab'sEMBLi' Oj? NEW Z> \nd 

IHE NKW’ ZEALAND INSTllUTE ACT, l.%7 , BI- CONS ' UUIED BY AN ALT Jr’ ^HE 
GrNLBAL ASSEMBLY OP NEW ZEALAND LNDl R IHE NEW ZEALAND IN«T111TE 
ACT, 1903 , AND CONTINUED BY THE NEW /FALAND INSIIILTE API, 1908 


BoaKD of GoVEllNORb. 

EX OPPICIO. 

His Excellency the Governor. 

The Hon. the Minister o£ Internal Affairs 

NOMINATED BY THE GOV ERNMFNT. 

A. Hamilton; E. Tregear, E.E.G.S. ; John Young; Chailes A. Ewen. 

ELECTED BY AFFILIATED bOCIBTJES. 

Wellington: Martin Chapman, K.O. ; Professor T. H. East erheU, M.A., 
Ph.D. Auckland: D. Petrie, M.A. ; J. Stewart, C.E. Napier: 
H. Hill, B.A., E.G.S. Christchurch: B. Speight, M.A., M.Sc., 

F. G S. ; F. W. Hilgendorf, D.Sc. Westland : (vacant). Nelson : L. 
Cockayne, Ph.D. Otago: Professor W’. B. Benham, D.Sc., F.R.S. ; 

G. M. Thomson, F.L.S., F.C.S., M.P. Manawatu: K. Whlson, M.A. 

OPFIGEKS FOR THE YEAR 1911 . 

President: T. F. Cheeseinan, F.Jj.S. 

Hon. Treasurer: Professor T. H. Eastertield, M A., Ph.D. 

Hon. Editor: C. Chilton, M.A., D.Sc., F.L.S. 
Secretary: B. 0. Aston, FJ.C., F.C.S. 


AFFILIATED bOCIETIES. 

Wellington Philosophical Society 
Auckland Institute 

Philosophical Institute of Canterbury 

Otago Institute 

Westland Institute 

Hawke's Bay Philosophical Institute 

Southland Institute 

Nelson Institute ... 

Manawatu Philosophical Society 


DATE OP AlFILIAtlON. 

iOtli June, 1868. 

10th June, 1868. 

22nd October, 1868. 
18th October, 1869. 
21st December, 1874. 
81st March, 1875. 
21st July, 1880. 

20t]i December, 1883. 
16th January, 1904. 
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FOKMER HONORARY MEMBERS. 


iS70. 

Agassiz, I^rofea&or LouU. Mueller, Fordinand von, P.U.^3,, 

Drury, Captam Byron, K.N. C.M.G. 

Flower, Professor W.H., P.K.S. Owen, Professor Richard, F.R.S. 

Hochstetfcer, Dr. Ferdinand von. Richards, Rear-Admiral Cl. H 

1871. 

Datwm, (Juarles, M.A., F.R.S, I Lindsay, W . Lauder, M.D., F.R.S.F. 

Gray, J.E., Ph.D., F.R.S. | 

1872. 

^Trev. Sir C^eorge, K.O.B | Stokes. Vice-Admiral J. Jj. 

Huxley, Tliomas H., LL.D., V.R S. 1 

1873. 

Bowen, Sir George Ferguson, G.O M.G. 1 Lycll, Sir Coarles, Bart., D.O.L., F.R.S 
Cambridge, the Rev. 0. Piokard, M.A., 

C.M.Z.S 

Ibi 4. 

McLachlan. Robert, F.L.S. 1 Thomson, Professor Wyville, F.H.S. 

Newton, Alfred, F.R.S. 1 

1875. 

Filhol, Dr. H. | Rollcston, Professor G., F.R.S. 

1870. 

Clarke, Rev. W. B., M.A., F.R.S. | Etheridge, Professor R., F.R.S. 

1877. 

Baird, Professor Spencer F. | Weld, Frederick A , O.M.G, 

1878. 

Gatrod. Professor A, H., F.R.S. 1 Tenison- Woods, Rev. J, E., P.L.S. 

Milller, Professor Max, F.R.S. 1 

1880. 

The Most Noble the Marquis of Norman by, G. O.M.G. 

1883. 

Oarpenter, Dr. W. B., C.B., F.R.S. I Thomson, Sir William, F.R.S. 

EUery, Robert L. J„ F.R.S. | 

1885. 

I Sharp, Richard Bowdlsr, M.A., F.R.S. 


Gray, Profaseor Asa. 



Former Honorary Hemben,. Lit 

188H. 

Beiieceu, Professor J. P. van MoOo)^ Professor P., JD.Sc., (J.M.G 

Ettingshausen, Baron von. P.R.S. 

[ 890 . 

Riley, Professor C. V. 

1891. 

Davia, J. W., F.G.S., P.L.S. 

1894. 

Oodringtop, Re\. K. H., D.D, 

1895. 

Mitcen, William, P.R.B. 

189G. 

Langley, S. P. 

1900. 

Agardh, Dr. J. G. 

1901. 

Eve, H, W., M A. 1 Howes, G. B., LL.D.. P.R.S. 

FORMEE MANAGER AND EDITOR. 

lUndek the New Zealand Iks'iudte Act, 1867 .] 

1867-1903. 

Hector, S r James, M.D., K.O.M.G., P.R S. 

PAST. PRESIDENTS. 

1903-4. 

Hutton, Captain Frederick Wollaston, F.B.S. 

1905-6. 

Hector, Sir James, M.D., K.O.H.G., P.R.S. 

1907-8. 

Thomson, George Malocim, P.L.S., F.O.S., M.P. 

1909-10. 

A. Hamilton, P.L.S. 


HONORARY MEMBERS. 

1870. 

PiNScH, Otto, Professor, Pb.D., Braun- Hookes, Sir J. D., GO.S.I., O.B., M.D. 
schweig, Germany. P.R.S., O.M., Bojal Gardens, Kew. 

1873. 

GtjNTHEB, A., M.D., M.A., Pb.D., P.R.S., Litchfield Road, Kew Gardens, Surrey. 
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1875. 

ScLATEK, Phihp Lnii.EV, Ph.D., P.B.S., Zoological Society, London. 

1876. 

I(EBac.EKK, I)r. Lund, Sweden. 

1877. 

Sharp, Dr. D., University Ulusoum, Cambridge. 

1885. 

Wallace, A. B., I'.L.S.,'O.M., Broadstone, Wimbotue, England. 

1890. 

^OHDSTEDT, Professor Otto, Ph.D., Uni- 1 Liveesibok, Professor A., M.A., F.R.R., 
veisity of Lund, Sweden. | S>dney. 

1891. 

Goodale, Professor G L., M.D., LL.D., Harvard University, Massachusetts, U.S.A. 

1891. 

Dyeii, bii W. T. TH1SELT02J, K.G.M.G., I Codrington, Kev. 11. H., D.l)., Wadhurst 
C.I.E., LL.D., M.A., P.R.S., Royal Rectory, Sussex, England. 

Gardens, Kew. | 

1896. 

Ltdekkee, Richarb, B.A., F.R.S., British Museum, South Kensington. 

1900. 

Avebury, Lord, P.C., F.Il S., High Elms, I Massee, George, P.L.S., F.R.M.S., Royal 
Parnborough, Kent. | Botanic Gaidens, Kew. 


1901. 

Goebel, Dr. Gael, University of Munich. 

1902. 

SARb, Professor G. 0., University of Christiania, Norway. 

1903. 

Klotis, Professor Otto J., 437 Albert Street, Ottawa, Canada. 

1901. 

Ruthbrforii, Professor E., D.Se., F.U.S.. • David, Professor T. Edgeworth, F.R.S., 
Victoria Uni\er8ity of Manchester. 1 Sydney University, N.S.W. 


1906. 


Beddard, F. K., P,R.S., Zoological 
Society, London. 

Milse, L, F.R.S., Isle of Wight, England. 


Brady, G. S., F.R.S., University of Dur- 
ham, England. 


1907. 

Dlkdy, Dr., F.R.S., King’s College, ’ Mkyrick, E., B. A., P.R.B., Marlborough 
University of London, England. , College, England. 

Diels, L., Ph.D,, Marburg. Stbbbing, Rev, T. R. R., P.R.S., Tun- 

, bridge Wells, England. 

1909. 

Darwin, Sir George, P.R.S., Cambridge. 

1910. 

Bbtce, Dr, W, S.) Edinburgh, 
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OEDINARY MEMBERhS. 

WELLINGTON PHILOSOPHICAL tiOCIETY. 

■* Life members, f Honorary members ] 


Adams, C. E., M.So., A. I. A., 
P.E.A.S. 

Adams, C. W., Lower Hutt 
Adkin, G. Leslie, Levin 
Aston, Rev. A. E., Te Awamutu 
Aston, B. C., F.C.S., F.I.C. 
Atkinson, Esmond H. 

Baldwin, E. S. 

Barraud, W. F. 

Beetham, W. H., Masterton 
Bell, B. D. 

Bell, H. D., K.C. 

Berry, 0. G. G. 

Blair, J. R. 

Borghetti, Dr. E. 

Brandon, A. de B., B A. 

Campbell, 0. N,, Hamilton 
Carter, W. H., jun. 

Chapman, Martin, K.C. 

Christie, Mrs. H. M. 

Chudleigh, E. R., Orongomairoa, 
Waihou 

Climie, J. D., Lower Hutt 
Cockayne, A. H. 

Cotton, C. A., M.Sc. 

Crawford, Alex. D. 

Carter, F., M.A, 

Downes, T. W., Wanganui 
Dymock, E. R. 

Basterfield, Professor T. H., M.A., 
Ph.D. 

Ewen, Charles A. 

Fergusoh, W., M.Inst.C.E. 

Field, H. C., Aramoho, Wanganui 
FitzGerald, Gerald, A. M.Inst.C.E. 
Fleming, T. R., M.A., LL.B. 
Fletcher, Rev. H. J., Taupo 
Fraser, Hon. F. H., M.L.C. 
Freeman, H. J. 

Freybei’g, Cuthbert 
Gatenby, James B. 

Gifford, A. C., M.A. 

Gill, Thomas H., M.A., LL.B. 
Girdlestone, H. B. 

Graham, K. M., A.O.S.M. 

Gray, William, M.A., B.Sc. 
Hadfieid, B. F. 

Hamilton, Augustus, F.L.S.l 
Hanify, H. P. 

Harding, R, Coupland 
Hart, H. S. 


I Hastie,^riss J. A., London, England*' 

I Hay, F. C., A.M.Inst C.B. 

Hector, Chai'les Monro, M.D., B.Sc., 

' Lower Hutt 
I Helyer, Miss E. 

Hogben, G., M.A. 

Holmes, R. L., F.R.Met.Soc., Bua, 
Fiji*'*' 

' Holmes, R. W., M.Inst.C.E. 
Hudson, G. V., F.E.S. 

Hunter, Professor Thomas A.. M.A., 
M.Sc. 

Izard, Dr. Arnold W. 

James, Herbert L., B.A., Khandal- 
lah 

Johnson, Hon. G. Randall ' 
Johnston, T. A. 

Jones, Rev. Joshua, Lower Hutt. 

I Joseph, Joseph 

' Joyut, J. W., M.A., London, Eng- 
' land. 

Kennedy, Rev. D., D.D., F.B.A.S. 
King, Tnomas, F.E.A.S. 

I Kingsley, R. I., Nelson 
‘ Kirk, Professor H. B., M.A. 

Krull, F. A., Wanganui 
Labv, Professor T. H., B.A. 

La Trobe, W. S.. M.A. 

Levi, P., M.A. 

Lewis, John H., Greymouth. 
Lifliton, E. N., Wanganui 
I Lomax, Major H. A., Aramoho, 
Wanganui 
Ludford, Ernest J. 

MacDougall, Alexander 
Maclaurin, Dr. J. S., F.O.S., D.Sc. 
Mackenzie, Professor H., M.A. 

' McKenzie, Donald, Merrivale, Mar- 
ton 

Marchbanks, J., M.Inst.C.E. 

Mason, Dr. J. M., Lower Hutt 
* Mason, Mrs. ICate, Queenstown, 
I Lake Wakatipu 
Maxwell, J. P., M.Inst.C.E. 

, Mestayer, R. L., M.Inst.C.E, 

Moore, George, Eparaima, Master- 
j ton 

I Moorliouse, W. H. Sefton 
Morgan, P. G., M.A. 

Morison, C. B. 

Murdoch, R., Wanganui 
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Myers, Miss P., B A 
NewiTian, A. K , M.B , M B G P. 
OiT, Robert 
Oram. M. H., M.A. 

Patterson, Hugh, Gass, Canterbury. 
Pearce, Arthur E. 

Phillips, Coleman, Carterton 
Phipson, Percy B. 

Picken, Professor D. K , M.A 
Pollen, Hugh 
Pomare, Dr. M. 

Powles, Charles P. 

Poynton, J. W. 

Reid, W. S. 

Runner, P. M,, M.A. 

Richmond, Professor M. W , B.Se., 
LL.B. 

Robertson, J. B. 

Roy, R. B., Taita 
Suns. Tnomas 


Sladden, H., Lower Hutt 
Smith, M. Crompton 
Stewart, John T., Wanganui 
Strachan, J. R 
Strauchon, John 
Stuckey, F, G. A , M.A. 

Sunley, B. M., Karovi 
Swan, W. G. Collingtoii 
* Tennant, J, S , M.A , B Sc 
Thomson, J., B E., M.Inst.C.E 
Tolley, H. R. 

, Tombs, H. H. 

Tripe, Joseph A , B.A., LL.B 
Turnbull, Alexander H 
Turnbull, John Ure 
> Turner, E. Phillips 
Watt, M. N., Wangaiiiu 
Wallis, Rt. Rev. Dr Predfiic 
Wilson, Miss J . A. 

‘ Wilton, G. W 


AUCKLAND INSTITUTE. 

* Honowi’V’ and life members.* 


Aickin, G. 

Al<hs, M. 

Allison, A., Leatham, Wanganui 
Arnold, C. 

Bagnall, L. J. 

Ball, W. T. 

Bankart, A. S. 

Bartley, E. 

Bates, T, L., Waratah, Newca«*tle, 
Xew South Wales 
Batger, J. 

Benjamin, E. R. 

Best, Blsdon, Wellington 
Birks, L., C.E., Rotorua 
Brett, H. 

Briffault, R.. M.B. 

Broun. Major T., F.E S 
Brown, Professor F. D, 

Buchanan, J. 

Buddie, J. H. 

Buddie, T. 

Burgess, E. W. 

Burnside, W. 

Burton, Colonel 
Bush, W,E., O.E. 

Buttle, J. 

Cameron, R. 

Campbell, Sir J. L.. M.D, 
Obatfield, A. W. 

Oheal, P- B. 

Oheesemau, T. F., P.L S 
Ohing, T. 


Clark, A. 

' Clark, A., M.B 
Clark, A. W. 

Clark, H. C. 

J Clark, M. A. 

Clarke, E. 

Clarke, W. St. John 
I Coates, T. 

» Cochrane, W. S. 

Coe, James 
Cole, W. 

Combes, F. H. 

Cooper, 0. 

Cooper, Mr. Justice, Wellington 
Cottrell, A. J. 

1 Cousins, H. G. 

Craig, J. J. 

Cranwell. R. 

Crosher, J. 

Cuff, J. 0., F.S.A. 

Daw, A. G. 

Dearsly, E. J. 

De Olive Lowe, G. T. H,, L.R C.P. 
Dettmann, Professor H. S, 
Devereux, H. B., Waihi 
Devore, A. E. T. 

I Dickinson, J. 0. 

Douglas, W. S. 

Downard, F. N. R. 

Duthie, D. W. 

Earl, P. 

Edson, J. 
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E^eitou, Piolesbor G, W. 

Ellison, T., Papatoiloi 
E’wington, P. G. 

Pinch, P. 

Plorance, E. S., Blenlieiin, Mail- 
borough 

Powlds, Hon. (t., M.P. 

Garrard, 0. W. 

George, G. 

Gilbert, T. 

Girdler, Dr. 

Goldie, D. 

Gordon, H. A. 

Gorrie. W. 

Graham, M. 

Grant. Miss J. 

Gray, 3. 

Griffin, Miss E. M, 

Grigsby, E. C. 

Guinness, W., M.D. 

Haines, H., P.E.C.8. 

Hall, J. W. 

Hamer, W. H., C.E. 

Hansen, P. M. 

Harding, A. B.,TePapapa,Onebiinga 
Hazard, W. H. 

Heaton, P. 

Herbert, T. 

Hodgson, J, 

Holderness, D. 

Horton, H. 

Houghton, C. V, 

Howden, J. 

Hutchinson, G. 

Inglis, E. T., M,B. 

Jarman, Professor A, 

Johnson, H. D., Mangauheiiga, ‘ 
Aroha 

Johnstone, Hally burton, Howick 
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Boyal Society of Victoria, Melbourne. 

University library, Melbourne. 

Victorian Institute of Surveyoi*s. 

Tcbsmanm, 

Public Library of Tasmania, Hobart. 

Boyal Society of Tasmania, Hobart. 

South Australia, 

Boyal Society of South Australia, Adelaide. 

University Library, Adelaide. 
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Afptndta,. 


Biissia. 

Finskoie Uchonoie Obshohestvo, Finnish Scientific Society, Helsing- 
fors. 

Imper. Moskofskoie Obshchestvo lestestvo - Ispytatelei, Imperial 
Moscow Society of Naturalists. 

Kiefskoie Obshchestvo lestestvo-Ispytatelei, Kief Society of Natural- 
ists. 


Nonoay. 

Bergens Museum, Bergen. 

University of Christiania. 

Sweden, 

Geological Survey of Sweden, Stockholm. 

Eoyal Academy of Science, Stockholm. 

Denmark, 

Natural History Society of Copenhagen. 

Eoyal Danish Academy of Sciences and Literature of Copenhagen. 


Germany, 

Botanischer Verein der Provinz Brandenburg, Berlin. 

Kfinigliche Bibliothek, Berlin. 

Konigliche Physikalisch-Oekonomisohe Gesellschaft, Kfinigsberg, B. 
Prussia. 

Konigliches Zoologisches und Anthropologisch - Ethnographisohes 
Museum, Dresden. 

Naturhistorischer Yerein, Bonn. 

Naturhistorisches Museum, Hambm-g. 

Naturwissenschaftlicher Verein, Bremen. 

Naturwissenschaftlicher Verein, Frank£ort-an-der-Oder. 
Eautenstrauch-Joest-Museum (Stadtisohes Museum fur VSlkerkunde), 
Cologne, 

Eedaktion des Biologischen Central-Blatts, Erlangen. 
Senckenbergische Naturforschende Gesellschaft, Frankfurt-am-Main. 
Verein fur Vaterlandische Naturkunde in Wiirttemburg, Stuttgart. 

Atistria. 

K.E. Central- Anstalt fiir Meteorologie und Brdmagnetismus, Vienna. 
E.K. Geologische Eeiohsanstalt, Vienna. 

Belgium and the Netherlands, 

Musfe Teyler, Haarlem. 

Acad6mie Eoyal des Sciences, des Lettres, et des Beaus-Arts de 
Bel^que, Brussels. 

La Som6» Itoyale de Botanique de Belgique, Brussels. 


Switzerland, 

Mus^e d'Histoire Naturelle de Gen&ve. 

Naturforschende Gesellschaft (Soci4t4 des Sciences Naturelles), Bern. 
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B'riLftC( 

Bibliothoque Natioaale, Pans. 

Mus6e d*Histoire Naturelle de Bordeaux 
Mus6e d’Histoiro Naturelle, Paris. 

Societe Entomologique de Prance, Paris. 
Sociefce de Geo^aphie, Paiis. 

Soci^td Zoologiqup de France, Pans. 


Italif. 

Biblioteca ed Archivio Tecnico, Borne. 

Museo di Geologia e Paleontologia del R. Institute di Studi Superiori, 
Florence. 

Museo di Zoologia e di Anatomia Oomparata della R. Universita, 
Turin. 

Orto e Museo Botanico (B, Institute di Studi Superiori), Florence. 

R. Accademia di Scienze, Lettre, ed Arti, Modena. 

E. Accademia dei Lincei, Borne. 

Stazione Zoologica di Napoli, Naples. 

Societa Africana dTtalia, Naples. 

Society Geografioa Italiana, Borne. 

Societa Toscana di Scienze Natural], Pisa. 


United States of America. 

Academy of Natural Sciences, Buffalo, State of New York, 
« Davenport, Iowa. 

« Library, Philadelphia. 

San Francisco. 

American Geograpuioal Society, New York. 

Amencan Institute of Mining Engineers, Philadelphia* 
American Museum of Natural History, New York. 
American Philosophical Society, Philadelphia. 

Boston Society of Natural History. 

Oonnocticut Academy, New Haven. 

Department of Agriculture, Washington, D.G. 

Field Museum of Natural History, Ohioago. 

Franklin Institute, Philadelphia.* 

Johns Hopkins University, Baltimore. 

Missouri Botanical Gardens, St, Louis, Mo. 

Museum of Comparative Zoology, Cambridge, Mash. 
Natural History Museum, Central Park, New York. 

New York Academy of Sciences. 

Philippine Museum, Manila. 

Rochester Academy of Scieuces. 

Smithsonian Institution, Washington, D.O. 

Stanford University, California, 

Mts College, Massachusetts. 

United States Geological Survey, Washington, D.O. 
University of Montana, Missoula, 

Wagner Free Institute of Science of Philadelphia. 
Washington Academy of Sciences , 
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BufiiL 

Museo Paulibta. Sao Paulo. 

Escola de Minas, Eio de Jaueii-o 

Argmtme liepubl'u-. 

Booiedad Oientiiica .U'geiitiua, Buenos Ayi'os. 

Uritgiiaii. 

Museo Nacional, Monte Video. 

Ja/paii,. 

College of Litemturo, Imperial University of .Japan, Tokvo. 
College of Science, Imperial University of Japan, Tokj-o. 

Hawaii. 

Bernice Pauahi Bishop Museum, Honolulu. 

National Library, Honolulu. 

Java. 

Society of Natural Science, Batavia. 


•John Mvokay, Govornment Printer, Wellington. -15)11. 
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